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INTRODOCriON 
Problem 
Visual perceptual iemands in daily activities, for exam­
ple driving or walking, consist of simultaneously arriving 
stimuli. 3esponsas to these stimuli are complex, and usually 
involve coordination of motor and perceptual skills in com­
peting tasks. Under normal conditions execution of these 
overlearned behaviors pose few problems for the human infor­
mation processing system. Performance on a number 3f tasks 
at once is entirely feasible as long as the processing 
demands of each task are low. For example, the driving sita-
ation reguires keeping the car on the road, together with a 
constant monitoring of the visual field for cues from possi­
ble sources of collisions, and this is usually performed with 
relative ease. What happens, however, when these same tasks 
are carried out ia the background of stressful auditory 
noise, or under conditions of drowsiness or lack of sleep? 
The guestion in a more basic sense involves the ability to 
attend to various tasks simultaneously under different levels 
of arousal. Does the stressor become a rival for a share of 
the processing capacity, and in doing so, cause a decreient 
in the systems efficiency to deal with complex tasks? Or is 
it the case, that stress somehow facilitates task performance 
by selecting a small amount of relevant information for ex­
tended processing, and limiting awareness to extraneous 
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signals that may interface? Or does a third alternative hold 
i.e., that stress is handled by the information processing 
system without any effect on the attentional lachanism? 
Given justification for either of the first tïo alternatives, 
what specific changes in attentional processes are brought 
about by variations in the general state of arousal. Is the 
effect mainly on the amount of stimulus information that can 
be attended to at once, or is it more a matter of a change in 
the organization and outpat of the response mechanism? Or io 
both occur? How are overall motor and perceptual behaviors 
affected? 
Definition of attention 
Distinct notions of attention have been present in psy­
chological tradition since the eighteenth and nineteenth 
century philosophers. Leibnitz's apperception refers to the 
attentional mechanism serving to select ideas at lower stages 
of consciousness. Hamilton, a Scottish philosopher, consid­
ered attention as a "pulling out or in of the tubes (of a 
telescope) in accommodating the focus to the object" 
(Hamilton, 1883, p. 16 5). Borrowing from these ideas, the 
early psychologists experimented with various notions of at­
tention. The structuralists emphasized the "sensory 
clearness" aspect which is the process of highlighting or 
sustaining attention to certain inputs (Titchener, 1903). 
The functionalists referred to attention as the ability to 
3 
inhibit surroundiag stimuli for the benefit of a few. "At­
tention is taking hold of the mini in clear aad vivid form of 
one out of what saems several simultaneously possible objects 
or trains of thought" (James, 1918). 
These basic conceptualizations of attention are still 
the focus of present day thinking. Contemporary research has 
largely dealt with two areas; vigilance, study of the 
"sustaining" mechanism of attention, and saleçtive_attentioa, 
attention viewed as a filtering process. Concern here will 
be with the latter approach. Selective attention is defined 
as encompassing both a perceptual filter, that controls 
sensitivity to incoming stimulus information, and a response 
filter, that involves a bias in response faculties toward 
particular outputs regardless of the nature of the stimulus 
input. 
Current theories of selective attention are usually di­
vided into three groups: the information flow models of 
Broadbent and Triesman, the Deutsch and Deutsch response se­
lection model, and the single channel theories of 
Kristofferson. Senders, and Moray. These theories are dis­
cussed in the first section of this paper. 
Theories of attention 
Broadbent's (19 58) information flow model is perhaps the 
first modern theory of attention. The modal, as it was in­
troduced, consisted of a short term store (S) from which in-
4 
formation was passed selectively to a more permanent serial 
processor (P). The atteational aspect is necessary because 
of the limited capacity of the P system. This limit is 
defined in informational terms (bits per second) , and a 
filter is postulated in the transition from the S to the P 
system to avoid overloading the P system. Broadbent de­
scribes the filter operation as following an all-or-none 
rule. The cues that are used for selection are based on 
physical features such as intensity, frequency, and modality. 
(These physical cues must bypass the filter to perform this 
function.) Split span studies provided empirical support far 
the all-or-none filter (Broadbent, 1954). Since performance 
is higher when digits are recalled by sensory channel rather 
than by order of arrival, Broadbent reasoned that selection 
must take place during stimulus input. In a dichotic 
listening task, the filter selects a channel (ear) from which 
information is passed to the P system, and the remaining 
signals from the unattended ear are held in the S system. 
The efficiency of physical cues as the basis for input selec­
tion was suggested by Cherry's (1953) shadowing studies. Al­
though Ss were aware of the presence of items in the 
unattended channel and they noticed variations in intensity 
and pitch, they CDuld nat report the content of the message, 
nor did they notice changes in language. This suggests that 
only physical features are being detected froa the unattended 
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message. 
There are a number of experiments, however, that 
revealed serious weaknesses in this model. Gray and 
Hedderburn (1960) and Yntema and TrasJc (1963) demonstrated 
that ear of arrival is not always the most efficient recall 
technique in split span studies. Recall by meaning class was 
better than ear of arrival (Yntema & Irask, 1963). These 
data were a challenge to Broadbent's all-or-none filter. If 
only one channel can be attended, how could class be the most 
efficient recall technique when items in the same class were 
presented simultaneously to both ears! 
A second criticism dealt with the information limit of 
the P system (Treisman, 1969). If two prose messages are 
presented at normal speeds the S can only attend to one, but 
a single message given at twice the normal speed is still 
intelligible (Cherry. 1953), Also,- experiments using low 
approximations-to-English demonstrate that if ttie information 
content is doubled, the subjects' shadowing iaproves more 
than 50% of the original performance. Thus, Treisman hypoth­
esized that the limit is not in bits per second, but in the 
number of physically separate inputs or in the number of sep­
arate sequences of interdependent items that can be followed. 
The experiments on the effect of one's own name used ia 
a variety of paradigms comprise a third source of criticism 
against the all-or-none filter (Moray, 1959; Oswald, Taylor, 
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6 Treisman, 1960; Howarth S Ellis, 1951). Oswald, Taylor, 
and Treisman (1960) monitored EEC's of sleeping Ss, while 
playing tapes of names and other stimuli. Sleepers awoke 
more often, and the records showed more K complexes, to their 
own names than to the names of others. Howarth and Ellis 
(1961) measured detectability thresholds for lames aasJced ii 
noise and found a lower threshold for the listener's name. 
This suggests that some degree of processing, other than 
physical discrimination was occurring in the unattended 
channel. The argument could be raised that these findings do 
not conflict with the all-or-none filter, because each 
person's name involves a unique physically discriminable com­
bination of vowels and consonants. To test whether a name is 
recognized at a semantic or a physical level would involve a 
replication of the experiments cited above with names and 
acoustically similar names, i.e., Tim and Kim. & higher 
degree of responding to the acoustically similar words than 
the other names in the unattended channel would suggest some 
degree of physical discrimination. 
A fourth source of evidence which questioned the nature 
of the Broadbent filter was obtained from the shadowing stud­
ies (Treisman, 1960, 1964a, b). These experiments employed 
the shadowing technique with dichotically presented messages. 
Treisman found evidence for semantic processing in the 
unattended channel with this paradigm by switching messages 
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between ears. Phe higher the transition probabilities in the 
passage, the more probable it was for the Ss to continue to 
shadow from the same message regardless of ear (1960). In 
another study the recall of various types of aonshadowed mes­
sages was measured and a voice difference was found to be 
easiest to report (Ireisman, 1964a, b). When physically sim­
ilar messages were used in the two channels a difference in 
language allowed for some selection, and of course, the S»s 
knowledge of the language determined the amount of interfer­
ence. If the massages were similar in voice and language, 
however, then selection was based on the transition 
probabilities between the words. 
Based upon the data from the shadowing studies and those 
demonstrating the effect of a person's name oa detection in 
the unattended channel, Ireisman suggested some changes in 
the Sroadbent modal, in attenuation theory with a two part 
attentional mechanism was proposed (1960, 1964a, b, 1959). 
The first selection mechanism is similar to Broadbent's 
filter, except for the all-or-none principle. Ireisman's 
filter functions to attentuate, rather than complately block 
out information from the anattended channels. Physical cues 
provide the most efficient selection criteria, but they are 
not the only cues that are used for selection (Ireisman, 
1964). From the filter, the signals both attended and 
attenuated pass to the dictionary units. Récognition is a 
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hierarchical process begianing with an analysis of physical 
features and proceeding to identification of words. So, 
there are a number of dictionary units that the signals must 
pass before complete identification is made. Treisman's sec­
ond selection mechanism is in the threshold for these dic­
tionary units. Important events have permanently lowered 
settings, and if the inputs arrived at the dictionary unit 
from the unattended channel, as is the case ia the name stud­
ies, they would still be recognized because of the lowered 
t hreshold. 
Although Treisman's model accounts for many of the ex­
perimental results unaccounted for in the Broadbent (1958) 
model, there is still a serious problem with the shadowing 
technique upon which her results are based. Onderwood and 
Moray (1971) offer evidence suggesting that the shadowing 
technique may not be appropriate for the study of selective 
attention. They compared a monitoring paradigm with a 
shadowing paradigm, and also, looked at the interaction be­
tween shadower's voice and same-or different-voiced target 
items. The data showed two interesting effects. First, sig­
nificantly higher performance on the rejected channel with 
the monitoring task, and second, interaction effects with the 
shadower's voice. Bore interference was produced when the 
shadower's voice was similar to the target voice than when it 
was dissimilar. The point, of course, with these results is 
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that the shadowing task as a primary task is interfering with 
the other sources of information. This occurs first because 
of the physical similarity between the shadowing voice and 
the targets to be detected, and second, because shadowing re­
quires a continuous response—it is of such a demanding 
nature that it leaves little time for any othar task. 
Drawing from the same experimental evidence as Treisman 
i.e., data from Howarth 5 Ellis (1961), Oswald, Taylor, atfd 
Treisman (1960), in addition to nsurophysiological studies on 
habituation (Sharpless & Jasper, 1956), Deutszh and Deutsch 
(1963) reasoned that messages, attended or otherwise, would 
reach the same perceptual and discriminatory mechanism. 
Their theory places the selection system later in the infor­
mation processing scheme, at storage or response output. All 
input signals are processed for recognition, but only 
attended items reach tha encoding or response output stage of 
analysis. This response selection mechanism is dependent 
upon the level of arousal and priority of the message. When 
arousal is low, as in sleep, there is a high response 
threshold and only important messages are fully processed. 
In an aroused state, however, the threshold setting is 
lowered and selection is based on the priority of the mes­
sage. The most important signal sets the threshold levels 
for further signals to be processed. The actual mechanism 
that weights the importance of the message depends upon prior 
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experience with the signals and is part of Deatsch*s theory 
of learning and motivation (1950). 
Moray (1969) describes the Deutsch and Deutsch theory as 
similar to Treisaian's except for the initial filtering mecha­
nism. There are a number of studies, however, that have 
tried to empirically distinguish between them. Because those 
studies involve the parameters of the theory of signal 
detection (TSD), they will be reviewed after an introduction 
to TSD. 
The TSD offers a method for testing the predictions from 
the attention models under discussion. It allows for a sepa­
rate evaluation of the effects due to changes in discrimina­
tion, and the effects due to set, attitude, or motive of the 
observer (Swets, Tanner 5 Birdsall, 1961). The d* parameter, 
defined as the index of detectability, measures the observ­
er's sensory capabilities: whereas Beta, the observer's cri­
terion, specifies the S's particular weighting of hits rela­
tive to false alarms and is reflective of the response bias 
operating in a particular situation. The advantage of the 
TSD is the ability to measure the effect of the S's 
willingness to respond, a factor that is confounded in tradi­
tional measures of percent correct. 
Broadbent and Gregory (1963) were rhe first to apply 
this method to the study of selective attention. They at­
tempted to distinguish between Broadbent's and Treisman's 
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theories by hypothesizing a change in d' betwaen divided and 
undivided attention conditions to be evidence for Treisman's 
attenuation filter, and a fluctuation in the criterion Beta 
to support the all-or-nona filter of Broadbent. One can, 
however, disagree with Broadbent and Gregory's rational. 
Treisman's theory would also predict a shift in the criterion 
through the second filtering mechanism—the variable 
thresholds of the dictionary unit. Depending on the impor­
tance of the signals, biases toward certain responses would 
be established, and these biases effect the placement of 
Beta. Further, Broadbent's model would also predict a large 
shift in d' between divided and undivided conditions, if the 
task required more than a physical discrimination. In the 
divided attention condition performance on the inputs from 
the rejected channel should be zero or at least low, because 
the signals must be held in the S system until the filter is 
switched. However, since Broadbent and Gregory were measur­
ing tone detection a d* shift would not be predicted, and an 
absence of the d' effect would undermine the attenuation 
principle. 
Broadbent and Gregory (1963) used a dichotic listening 
paradigm with digits in one ear and tones embedded in noise 
in the other. In the undivided attention condition the S 
rated his confidence of the tone's presence. The divided at­
tention condition, however, involved, tone detection plus a 
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digit recall task. A small change in d' was found, but the 
Beta scores did not change appreciably. Broaibent and 
Gregory interpreted this as evidence for Traisman's attenua­
tion filter. That conclusion, however, was questioned by 
Moray (1 969). His objection was based on the difference in 
the tasks for the divided and undivided situations. The ad­
dition of a memory task might have altered the situation. 
This notion is supported by Schulman and Sreeaberg (1971) who 
demonstrated an inverse relationship between memory load and 
perceptual task performance. Increasing the processing 
demand in short term memory was found to interfere with 
perceptual task performance. Because the d* effect could be 
explained either by the additional memory loai or by the at­
tenuation principle, Broadbent and Gregory's paradigm can not 
be considered a good test of their hypotheses. 
Other empirical attempts at distinguishing between the 
models have been made. Treisman and Geffen (1967) distin­
guished between the Treisman and the Deutsch and Deutsch 
model on the basis of whether selection occurred in percep­
tion or response, k dichotic listening situation with two 
responses—shadowing and manually tapping to target words in 
both ears—was used to test the predictions of these two 
models. Since a tendency to tap more often to signals in the 
shadowed message was found, the Treisman theory was presumed 
to be favored. 
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Before commenting further on this study, however, con­
sideration of another study is appropriate. Lawson (1966) 
used the same type of paradigm except that the tapping re­
sponse was made to pips rather than words. Simple RT to 
tones in the shadowed and the nonshadowed message were not 
found to differ significantly and that supports the Deutsch 
and Deutsch model. With complex RT's however, reactions to 
the rejected ear were longer and more errors were committed, 
and Treisman interpreted this to be congruent with the find­
ings of Treisman and Geffen (1967) . 
Deutsch and Deutsch (1967) criticize the Treisman and 
Geffen paradigm on the basis of response competition. They 
explain the differential tapping as a result of an asymmetric 
weighting of the importance to one ear, i.e., tapping and 
shadowing as opposed to only tapping in the nonshadowed ear. 
Lawson's results are cited as support for their argument be­
cause response competition was not present in Lawson's situa­
tion. The Ss were not asked to shadow and tap to the target 
words. 
To account for these criticisms Treisman and Riley 
(1965) replicated the 1567 experiment with a few modifica­
tions. The S shadowed digits and listened for letters as 
targets, but when detection of a letter occurred, he was told 
to stop shadowing and tap. The tapping performance with 
same-voiced digits and letters was 75% in the attended ear 
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as opposed to 33% in the rejected ear. When the letters were 
presented in a different voice, however, almost all targets 
were detected in both ears. Treisman and Bilay felt that the 
significantly higher detection rate for same-voiced targets 
in the attended as opposed to the unattended sar was conclu­
sive evidence for a perceptual limit on performance. Mhen 
the targets could not be physically detected, as was the case 
with the same-voiced digits, then items in ths shadowed 
channel were better perceived; but when physical discrimina­
tion became the basis for task performance, then, the differ­
ence in detection rate between the two channels diminished. 
There are problems, however, if this experiment is con­
sidered in light of Underwood and Moray (1971) . Their 
paradigm was similar to Treisman and Rilay's axcept for the 
replacement of the tapping response with verbalization of 
detection. Their data doss not replicate the Treisman find­
ings. Instead of finding an interaction of same-and 
different-voiced target with shadowed and unshadowed channel, 
they found significant interactions with the shadower's voice 
type. These data suggest that there might be an interference 
effect, rather than an effect of attenuation producing such a 
low target detection rate in the unattended ear. Because 
Treisman and Riley do not report the sex of their Ss, it is 
difficult to estimate if this type of interference is occur­
ring. 
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Moray and O'Brien (1967) attempted to provide a pure 
selective listening task in which the TSD could be used to 
study selective attention. Their task was basically 
detection of letters in a stream of digits under two types of 
instructions. Selective instructions biased attention to oae 
ear, whereas, shared instructions equally divided attention 
between the two ears. The selective attention instructions 
resulted in an increase in d' for the accepted ear and a de­
crease for the rejected, but there was no difference under 
shared instructions. Positively correlated effects were also 
found for d' and log Beta. Because they obtained fluctua­
tions in both parameters, Moray and O'Brien interpreted their 
findings as supportive of both Treisman and Deutsch and 
Deutsch. The problem with this interpretation, however, is 
that Deutsch ani Deutsch i#ould have predicted the opposite 
change in Beta from that found by Moray. On the basis of the 
Deutsch and Deutsch theory, one predicts a more conservative 
criterion for responding in the rejected channel. Since the 
accepted channel has priority, it would set the threshold for 
the other signals and produce more response readiness. On 
the whole, Moray and O'Brien's results do not provide any ad­
ditional clarification. Since a d' shift was found, they 
succeeded in replicating Treisman's perceptual filter with 
TSD, but their paradigm was not sensitive to Beta fluctua­
tions. The correlation between Beta and d' is without theo­
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retical justification, and Beta shifts as a result of the ex­
perimental manipulations were not found. 
Before continuing *ith further empirical attempts at 
distinguishing among models of attention, a consideration of 
more recent thinking aboit selective attention theories and 
the data they have generated is appropriate. 
3roadbent*s Decision and Stress (1971) is probably the 
most comprehensive account of the recant research in the area 
of selective attention. In reviewing the literature since 
1958, Broadbent finds support for the attenuation principle, 
but he also introduces a second selection mechanism called 
pigeon-holing. This is defined as a "selection of certain 
classes of responses (category states) as having a high pri­
ority of occurrence even if evidence in their favor is not 
especially high" (Broadbent, 1971, p. 177». Pigeon-holing 
would be,- then, a response mechanism, which selects signals 
on the basis of a collection of cues rather than the common 
cue that is involved in the filtering operation. In terms of 
TSD, the effects of filtering are measured by changes in d', 
and the effects of pigeon-holing by Beta shifts. Broadbent 
also, upheld the informational limit on the perceptual mecha­
nism. So, it is not a question of how many tasks can be 
performed at once, but rather, how much information can be 
handled at any one time. 
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The concept of pigeon-holing is similar to Deutsch and 
Deutsch's and Treisman's variable thresholds. They all refer 
to increasing the probability of certain classes of responses 
and they are measured by changes in Beta. The models, howev­
er, do differ in the emphasis placed upon filtering and 
shifts in response biases. Norman (1968) and Deutsch and 
Deutsch place more emphasis on response selection, while 
Broadbent and Treisman still adhere to the value of the 
perceptual limit. On the whole, though, there is agreement 
that the basic selection aechanism of attention is dual in 
nature; involving perceptual filtering and response biases. 
Before a general picture can be derived, however, the 
contributions from the "single channel" theorists must be 
mentioned. As the title implies, these theories assume that 
man can attend to only one thing at a time. Their experi­
ments are quantitative by nature and deal with simple stimuli 
in discrete events, rather than with the continuous streams 
of semantic material most of the dual channel theories 
employ. Aside from this, however, the distinction of dual 
vs. single channel, which is typically used in literature, is 
ambiguous. Of the theories that have been discussei, there 
are essentially two definitions of channel. Broadbent refers 
to a limited channel processor, which has a fixed capacity 
defined in informational terms; and Treisman defines channel 
as the number of physically separate inputs or the number of 
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separate sequences of interdependent items. Thus, the dis­
tinction of dual vs. single channel theory is meaniagless 
with these two definitions of channel. Dnder Broadbent's 
definition the single channel observer could easily take in 
multisource input as long as the information content ia each 
source is low. 
Kristofferson's (1967) selective attention model postu­
lates an all-or-none gating of input. His filter is similar 
to Broadbent's (1958) filter, except that it operates on a 
temporal basis. Dsell time is approximately fifty asec with 
almost negligible switching time. At any one time the cen­
tral processor is receiving information from only one input 
channel. Kristofferson's system involves three assumptions: 
1. all-or-none gating of input from separate sources, 2. 
switching between input channels, and 3. when switching 
occurs an increment of time is added to the processing time. 
Some support for the temporal gate system is found in the 
successive discrimination function that Kristofferson (1967) 
describes. In using two signals, a spot of light and a 200 
cps tone, he foani correct identification of the asynchronous 
pair increased as time was increased. It is iifficuit, how­
ever, to fit this type of data into a framework including the 
results of multichannel experiments. A discrimination task 
involving a light and tone is at a quite different level of 
processing than a shadowing task. In any case this theory is 
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offering a gating system that operates with a fixed temporal 
dwell time rather than on the basis of physical cues. 
Senders (1967) presents a visual sampling model based on 
the assumptions of single channel theory. His model is de­
veloped from experiments with instrument panels in aircraft, 
and is more comparable to the type of experiments described 
earlier. In a multichannel situation. Senders uses the con­
cept of a "queue" to explain the successive treatment of in­
formation. The length of the queue is a function of the 
probability of simultaneous demand. Sampling successively 
from the same display is, of course, directly related to the 
amount of information present, but it also involves a delay 
interval that is dependent upon the time spent on the first 
observation. The transitional probability, i.e., switching 
from one display to another, involves the fixation probabili­
ty. 
Moray (1970) after reviewing the data generated from the 
single and dual channel theories, set down four assumptions 
which try to account for the evidence: (1) one message is 
sampled at a time, but (2) a running average of the activity 
level for each channel is kept, and (3) a sudden change in 
this activity level could result in the switch being called 
to that channel, and (4) sampling may remain on one channel 
indefinitely until a switch is called by another channel. 
Thus, Moray maintained the switching mechanism of 
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Kristoffersoa, removed the dependency on a fixed temporal in­
terval, and added a concept of the running average of activi­
ty in the unattended channel, k mechanism that would have to 
allow for some basic level of processing of all input, such 
as Norman's concept of sensory activation, and Deutsch and 
Deutsch's idea that all inputs are recognized. Whatever, 
Moray has taken the Broadbent all-or-none filter, and added a 
concept of running average of activity level in the 
unattended channel. 
Moray (1967) in an attempt to clarify the notion of 
channel has added a third definition. He rsfsrs to a limited 
capacity processor whose total capacity can be separated into 
reception, coding, storing, etc. This is different from 
Broadbent*s limited capacity channel because it involves all 
the stages of information processing; whereas, Broadbent 
referred to it as the rational for the first selection 
filter. So, it is only a perceptual limit for Broadbent, but 
for Moray the limit could be applied equally well at any of 
the processing stages. Tceisman's notion of channel as the 
number of separate inputs is, of course, at variance with 
both the Moray and the Broadbent definition. The existence 
of these three definitions makes any notion of single vs. 
dual channel ridiculous since comparison is restricted within 
one definition. The picture is in need of definitional 
clarification. 
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In the last few years there have been a variety of stud­
ies which have contributed to the empirical debate over which 
of the selective attention models is a mors adequate 
discription of the data. Lewis (1970) has demonstrated se­
mantic processing of material from the unattended channel by 
using a dichotic listening paradigm and measuring shadowing 
latency. Words in the unattended message were similar, asso­
ciated, or unrelated to the primary channel. Related words 
were found to selectively interfere with verbal reaction time 
to the attended message. Corteen and Wood (1972) also found 
evidence for semantic processing in the unattended channel by 
using a paradigm which employed shadowing as the primary re­
sponse, and galvanic skin response (GSR) changes to shock-
associated words and other nouns as the secondary response. 
This situation was clever because it accounted for the re­
sponse competition problem of Treisman and Riley (1969). The 
results indicated that shock-associated city names produced 
larger GSR's than neutral words, and this effect was found to 
have generalized to other city words not shock-associated. 
Corteen and Wood interprete their findings as support for the 
Deutsch and Deutsch theory because it appeared that all stia-
ulus information was perceived. Despite the cleverness of 
this paradigm, however, their interpretation can not be 
accepted. The primary message was a highly redundant prose 
message and the Ss tended to shadow in "phrases of 
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idiosyncratic ward groupings". So the Ss could easily have 
switched attention between messages as the Moray switching 
theory proposes. To prevent such time sharing strategies it 
may be feasible to use unrelated words or to instruct the Ss 
to word shadow or shadow phonemically. 
Shinar and Jones (1973) varied expectancy of recall from 
the shadowed and the unshadowed channel, and measured digit 
recall accuracy. Their results suggest that it is possible 
to allocate mora attention to the nonshadowed channel when 
recall is expected from there. That supports Moray's notion 
that the processing capacity is flexible, and capable of 
being divided on the basis of expectancy and task demands. 
These three studies, reporting evidence for semantic 
processing in the unattended channel, contradict earlier 
work, such as that of Moray (1959) , who found little benefit 
from incidental learning if items sere first presented in the 
unattended channel. 
At the present time it seems that the development of a 
variety of selective attention theories has brought about 
three definitions of channel, a two part mechanism of atten­
tion, and a method of testing this mechanism via the theory 
of signal detection. The discrepancies between the various 
uses of the word channel—Moray's limited processor, 
Broadbent's limited channel, and Treisman's number of inter­
dependent signals—has been discussed before. What is inter­
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esting, however, is that this two part mechanism that is 
being referred to as attention—perceptual filtering and 
biases in the tendency toward certain responses--are the same 
notions that the philosophers introduced in the nineteenth 
century. The test of time has insured the validity of the 
concept, but it is only modem theory that has provided a 
valid way of separating these two effects. It is, of course, 
the T5D that allows this to be done. The problem exists, 
however, that although most theories predict shifts in the 
tendency to respond, i.e., Broadbent's pigeon-holing, 
Norman's pertinence, the Deutsch's and Treisman*s threshold 
shifts, very few studies have been able to obtain it.i Only 
the first selection mechanism, the perceptual filter, has 
been empirically supported (Broadbent & Gregory, 1963; Moray 
S O'Brien, 1967; Broadbent, 1971). A possible reason for 
this is the heavy dependence of selective attention paradigms 
on the shadowing technique. Such a demanding central task 
has been shown to have interfering effects. & second reason 
may be that the nature of the task demands in these experi­
ments bias measurement sensitivity toward d' fluctuations. 
iThis review has left out a number of studies conducted 
with TSD in a vigilance type task that do show shifts of the 
observer's criterion toward more conservative behavior with 
time on the task. The rational for this omission is based on 
Jerison's (1967) criticism of the use of TSD in a vigilance 
situation, and also the fact that these experiments are not 
directly comparable to those under discussion. 
24 
The S is typically presented with an overload of stimulus 
items and asked to deal with only a portion of it. Because, 
as Broadbent points out, the perceptual filter is faster at 
discarding irrelevant information and sorting input on the 
basis of a common cue, then, naturally the results show only 
d' effects. It is suggested that more versatile experimental 
situations should be used; especially those which place a 
heavier processing demand on response organization. Third, 
maybe not all the factors influencing the selection mechanism 
are being investigated in these experimental situations. An 
additional variable that could interact with the attentional 
mechanism is arousal. Some of the selective attention 
theorists refer to this concept speculatively, but it is not 
typical for them to manipulate it under selective attention 
conditions. Perhaps the actual mechanism of selective atten­
tion varies depending upon the level of arousal» Theoreti­
cal frameworks suggesting this interaction process are avail­
able, but there is little direct evidence to support them. 
Teichner (1968) refers to the rate of attentional proc­
essing as being affected by the level of activation. ka in­
crease in activation produces a narrowing of the attentional 
bandwidth, and therefore, a rise in the speed of processing 
through the bandwidth. A physiological basis for the inter­
action of arousal and attention is provided by Walley and 
Weiden's (1973) neurophysiological attention theory. The ia-
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terference or cognitive masking that occurs when stimuli are 
simultaneously encoded is explained by lateral inhibition be­
tween neurons in the association cortex. (Cognitive masking 
in this paper is selective attention.) Arousal is important 
because activity in the reticular activating sysem produces a 
facilitation of cortical recurrent inhibition. It is pre­
dicted, that an increase in the level of arousal produces an 
increase in cognitive masking. Other notions that support an 
effect of arousal on attention are considered in the next 
section, 
Attentional narrowing under stress 
Bursill (1958) found a tendency for the field of 
awareness to funnel in toward the visual center, when he used 
heat stress in a dual task situation. Although more periph­
eral signals were missed under stress, performance on the 
central task improved» Easterbrook (1959} talked about de­
creases in the range of cue utilization as anxiety increases. 
Bahrick, Fitts and Rankin (1952) got similar results in a 
dual task with just the addition of incentives. The improve­
ment in the central tracking task was associated with a 
decreased level of performance on the peripheral task. 
Recent studies using the dual task situation without 
stressors have replicated the peripheral decrement effect, 
but they have shown this to be a result of an increase in at­
tention to the center of the visual field (Webster & 
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Haslerud, 1964; Leibowitz & Appelle, 1969) . Leibovitz and 
Appelle (1969) found differences in illumination thresholds 
of the periphery when the S was presented with a competing 
foveal task. Thresholds for peripheral vision detection in­
creased when a response to an interrupted central light was 
required. Mackworth (1965) reported tunnel vision in a 
foveal-peripheral matching task, when visual noise was added 
and the display angle was increased. There were possible 
confoundings, however, in this experiment. First, there was 
a problea of discriminating the target from the noise items 
because of the lack of a cue, and second, there was no con­
sideration for the acuity differential throughout the visual 
field. The results could be explained by the difference in 
acuity between the fovea and periphery, without regard to the 
concept of attentional narrowing. 
Cornsweet (1969) questioned whether the usual finding of 
a peripheral decrement was due to an actual perceptual 
funneling, or occurred because the cues in the periphery were 
irrelevant to performance on the primary task. Threat of 
electric shock was used as the stressor, during a reaction 
time task that was facilitated by peripheral information. 
The Ss were found to use peripheral cues more in the shocked 
than in the nonshocked group. These results are important 
because they provide evidence that the narrowing process, as­
sociated with heightened arousal states, is of a central 
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nature. The facilitation usually found on the central 
tracking task is not limited to foveal inputs, but could 
occur anywhere in the visual field depending upon the source 
of the relevant information. The increase in task perform­
ance, however, comes at the expense of performance on other 
tasks, Bursill's failure to find a decrement on reactions to 
the peripheral signals when the load on the central task 
decreased is indicative of the central nature of the 
narrowing process. 
Hockey (1970a, b) replicated Bursill's study with 
auditory noise, and added more support to the attentional 
narrowing notion. He accounted for his initial results of. 
improved performance on the tracking task and central signal 
detection, on the basis of an unequal weighting of signal 
probabilities. After correcting for this across the 
periphery, the central tunneling was not found. Selectivity 
under noise is such that it enhances attention to important 
or relevant signals. 
Direct evidence for the interactive relationship of at­
tention and arousal is provided by Hockey (1973) . Perform­
ance on an observing response task was measured under three 
levels of arousal--sleep deprivation, 70 db noise, and 100 db 
noise. Selective attention was defined by the S's sampling 
of the high priority signal in a multisigaal task. Support 
for the predicted monotonie increase in attentional 
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selectivity with arousal was found in the paced task 
condition—high noise produced an increase in selectivity, 
while sleep loss resulted in a decreased sampling of the high 
priority signal. 
Aside from the attentional narrowing experiments, more 
evidence for the interaction between the attention and 
arousal variables can be found in the general experiments 
dealing with environmental stressors. Although each stress 
has its own characteristic behavior pattern, Broadbent (1953) 
concludes that at least with noise and sleeplessness, they 
affect the same mechanism in opposite directions. In terms 
of arousal theory, noise would be over arousing and the lack 
of sleep under arousing. Broadbent (1971) predicts that 
arousal has an effect on the filtering mechanism, such that 
under stress the system can be expected to devote more proc­
essing time toward relevant input sources, 
Wilkinson (1969) defined the factors most influential in 
obtaining a stress effect on behavior. Of the six factors 
mentioned, three have a direct relation to attentional vari­
ables. The first involved the duration of the task. The 
damaging effect of loud noise and sleep deprivation occurs 
only in the last half of a thirty minute session. This sug­
gests that noise has an effect on the way information is 
processed rather than being just a distracting stimulus. 
Incentive level is also important for specific stressors. 
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Giving S's knowledge of results and encouraging competition 
between them, overcame the effect of sleep deprivation 
(Wilkinson, 1963). Wilkinson's (1964) complex simulation of 
a battle situation minimized the effects of sleep deprivation 
because of the interestingness of the task. Similarly, the 
effect of incentives on noise served to exaggerate the per­
formance decrement (Wilkinson, 1963). The adverse effect of 
noise on performance was increased by knowledge of results 
and decreased by sleep deprivation. A third factor was the 
effect of task priority, Usually, the performance decrement 
is apparent only in specific sources, i.e., effect of sleep 
deprivation is on speed and accuracy, whereas, with noise it 
is on the number of errors committed. The remaining three 
variables are; familiarity of the task, complexity of the 
task, and the presence of other stressors. 
An interesting addition to this literature are the dem­
onstrations of the aftereffects of noise (Glass S Singer, 
1972). Lowered task performance and lowered tolerance for 
post noise frustration were found only after the noise was 
terminated, and the factor of unpredictability was more im­
portant than the physical parameters of the noise in produ­
cing this aftereffect. This suggests that by looking only at 
the immediate effects of noise on behavior some of the 
interesting relationships may be undetected. 
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Research program 
& two part mechanism of attention emerges from the 
selective attention theories. Although the first part--
perceptual filtering—is reliably documented, the second--
response biases--has little empirical support. The litera-
tuc3 on stressors describes the narrcfing process aad sug­
gests that arccsal affects the way irformation is sampled. 
The TSD offers a measurement technique to estimate the 
effects of filtering and those of reponse biases. 
The present study investigates changes in d* and Beta as 
a function of arousal and attentional manipulations. It is 
hypothesized that the attentional mechanism is affected by 
fluctuations of the arousal level. There is little doubt 
that man is limited in his processing abilities, but there 
are questions as to where and when various selection filters 
operate to protect the system from overload» In a state of 
medium activation (optimal arousal level in the language of 
Malmo, 1959) there is little reason to expect sensitivity 
fluctuations on well learned tasks. Labeling a task as pri­
mary or secondary in importance, however, should effect the 
willingness to respond toward that task. If a high arousal 
state is engendered, narrowing occurs, and the system is set 
to deal very well with a small amount of information. Be­
cause filtering is efficient at separating and discarding ir­
relevant signals, it is expected that sensitivity fluctua-
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tions are especially important under high arousal. Perform­
ance on the primary task should be facilitated and perform­
ance on the low priority task impaired. At tke low end of 
the arousal continuum, the tendency to attend to only rele­
vant information is expected to decrease, and a general 
decrement in response readiness is predicted. Thus the dis­
crepancies among the theories, as to where the selection 
mechanism is placed, may be accounted for by an interaction 
with the level of arousal. The Deutschs' emphasis on re­
sponse selection would be supported under a madium arousal 
state, but Broadbent's and Treisman's emphasis on the 
perceptual filter would account for performance under stress. 
Predictions from the various theories concerning manipu­
lations in attention instructions and level of arousal are as 
follows. The Deutsch and Deutsch theory would predict two 
types of shifts ia the placement of the observer's criterion» 
The tendency to respond should increase as a function of 
arousal level and task importance. Under instructions to 
attend equally to both tasks the criterion for responding 
should be at the same level as under primary instructions be­
cause both messages are important, provided the situation is 
not response demanding and response competition becomes a 
factor. This theory could not account for d' changes. 
Triesman's predictions only involve the manipulations of in­
structions. Since the secondary task would be attenuated, a 
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decrease in d' is expected from primary to secondary task in­
structions at all levels of arousal. It is unclear what 
would happen under equal task instructions. An attention and 
arousal interaction could not be handled by this theory. 
Single channel theories would predict a large change in d* 
between primary and secondary task instructions. Performance 
on the secondary task should not be significantly different 
from zero, because only one channel is attended at a time. 
Under equal task instructions performance should be somewhere 
in between the other instruction levels, because with 
switching, half the time should be spent on each task. Pre­
dictions are not made for the arousal changes. Broadbent's 
theory predicts filtering with the levels of arousal, and 
both d' and Beta change as a function of the attention in­
structions. The changes would be in the same direction as 
Treisman's predictions, bat this theory is more capable of 
explaining the interactions with arousal. 
These predictions are tested under two experimental sit­
uations, study one involves a dual task requiring attention 
to multiple sources of stimulus inputs. Study two also uses 
a dual task, but with high response demands. Shifts in d' 
and Beta are measured in both situations. 3y investigating 
situations with varying stimulus and response loads, it is 
expected that the sensitivity toward d* shifts would be 
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greater in the stimulus heavy task and for Beta shifts, the 
response-demanding task. 
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EXPERIHENT I 
k perceptual motor task, consisting of a tracking task 
in the center of the visual field and a dynamic prediction 
task in the right periphery, was used. In the tracking task 
the S compensated for the horizontal movement of a circular 
light (1°) by means of a joystick control, as it moved 
vertically on a center line. The prediction task involved 
coordination of rate and location information from two 
circular lights--the vertically moving central tracking 
light, and a horizontally moving peripheral light. The task 
was to predict whether a collision would occur when both 
lights reached a central position on the line. 
This situation offered a number of advantages. Primary 
among them was the applicability of the TSD. Pilot sessions, 
in which HOC.curves were plotted using the rating scale 
method; were conducted to test the variance assumption 
underlying the use of the d* score (Swets, Tanner, S 
Birdsall, 1961). Results yielded ROC curves with slopes 
varying around 1.00 (computed by the Ogilvie 5 Creelman pro­
gram, 1968). This finding is not typical of other visual 
perceptual situations which report slopes of around .80 
(Green & Swets, 1966). However, the present experimental 
situation was different from former studies in that it in­
volved a dynamic stimulus, peripheral vision, and well-
trained subjects. The empirical ROC curves were also plotted 
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on normal coordinates (see Figure 1) to test the normality 
assumption underlying the use of the d* measure. Because the 
results from three of the four subjects were adequately de­
scribed by a straight line, the assumption was considered to 
be met in this situation. 
Secondly, perceptual demands on the visual mechanism are 
usually multichannel. Thus, it seemed desirable to study 
performance in a dual task situation that, as in any normal 
situation like walking or driving, involved coordination of 
motor and perceptual abilities in competing tasks. In this 
sense the task demands were realistic. Also, the effect of 
changes in attention instructions and arousal level were 
evaluated independently for motor and perceptual responses. 
-2  -1 0 
normal dcviatt 
2 -2 -1 0 2 
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< 
0? 
false alarm rat* IPm (A|| 
Figure 1. Empirical SOC curves on normal coordinates 
for two observers. 
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Two Other factors contributed to the realistic nature of 
the experimental setting: 1. the dynamic and continuous 
nature of the task, and 2. the use of only well-trained Ss. 
Because information was received over a twelve second inter­
val for each trial, continuous monitoring was necessary for 
good performance. Performance decrements associated with the 
changes in instructions and arousal should not be ascribed to 
learning effects but to actual interferences with performance 
on an overlearned task. 
Implications for the attentional vs. perceptual 
narrowing controversy can also be drawn from this situation. 
If the concept of tunnel vision is valid, performance on the 
prediction task would be seriously hampered under stress re­
gardless of the level of instruction, because the perceptual 
task involves presentation of information from 00-30° in the 
right periphery. If it is a matter of attentional narrosing, 
however, then filtering is predicted under stress, i.e., when 
instructed to attend to the prediction task as primary then a 
high d' would result, but when the tracking task is primary 
then a low performance level on the prediction task is ex­
pected. 
It was the intent of this study to use this dual task 
situation to look at the effects of two variables; level of 
instruction and level of arousal. There were three instruc­
tion conditions; 1. selective attention—the prediction task 
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was the primary task and tracking was secondary, 2. secondary 
task instructions—the tracking task was the primary task and 
the prediction task was secondary in importance, and 3. 
shared attention—both tasks were equal in importance. 
Monetary incentives were used to establish these priorities. 
Performance under these instructions was studied together 
with three levels of arousal; 32 hour sleep deprivation, 60 
db, and 95 db auditory noise. The noise levels were selected 
first of all, on the basis of past work which demonstrated 
the stress effect only with noise levels at or above 95 db 
(Hockey, 1970) , and secondly, with regard to the damage-risk 
guidelines for exposure to sound established by Kryter* Ward, 
Miller and Eldridge (1965) . The 60 db level served as the 
quiet control for performance under loud noise. The sleep 
deprivation condition was only planned for half the subjects, 
because of the known aftereffects» Sleep deprivation had to 
be placed on the last day of the experiment and this 
prevented any attempt at balancing this condition across days 
as was done with the noise levels. Also, because of the 
large training effect with this task a control group for per­
formance on the last day was necessary. Secondly, past re­
search indicates that sleep deprivation must be at least 
thirty two hours, and in this situation that was only possi­
ble by using the afternoon Ss. The results with sleep 
deprivation are offered only in comparison with the same Ss 
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performance under the noise conditions. 
assumptions were not made about the specific positions 
on the arousal curve for these valaes. They were chosen only 
for their reliability in representing different levels of 
arousal in published research. 
D' and Beta scores ware computed from ths S prediction 
decisions, and an integrated error score was obtained from 
the tracking task. 
Method 
Task and apparatus 
The experimental situation consisted of a 6 by 2 meter 
screen with the tracking task in the center of the visual 
field, and a prediction task in the periphery (0°-33O). The 
S sat three meters from the screen behind a table (Figure 2) . 
For the tracking task the S had to compensate the 
horizontal movement of a circular light (109*i by means of a 
joystick control. The horizontal movement (a product of two 
sine waves, 0.13 and 0.20 hz, mixed by an analog computer 
with a maximum amplitude of 45 cm on each side of the center 
line) was imposed on a vertical uniform movement of the 
center light. With perfect compensation by the S the light 
described a straight vertical movement on a center line. The 
deviations from the center line (the tracking error) over the 
12 second trial was fed back to a PDP 8 computer which com­
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puted a root mean square error score.i 
TRACKING 
LIGHT 
HORIZONTALLY 
MOVING 
liGKTS 
JOYSTICK CONTROL 
Figure 2. Tae experimental setting. 
The prediction task involved coordination of information 
concerning rate and location from circular lights (3 °57 '} 
travelling in a horizontal and a vertical direction. &s the 
center light began its vertical movement, a second light ap­
peared 200 cm to the right and proceeded horizontally toward 
iThe tracking error is defined as the square root of the 
sum of the squared deviations from the straight vertical 
movement, divided by the number of samples. 
40 
the center line. At the center the horizontally moving light 
either collided with the vertically moving light or passed 25 
cm above or below it. Iha S predicted whether or not a 
collision would occur by pressing a key when the horizontally 
moving light was at the criterion line, placed 80 cm to the 
right of the center line. A response made when the light was 
outside a 60-100 cm interval was considered aa error and not 
scored. Since all the stimuli remained visible until after 
the lights passed the center of the screen, the S received 
immediate feedback on his prediction accuracy. 
Galvanometers with a horizontal and a vertical mirror 
mounted beside the lens of a Kodak carousel projector, pro­
vide the motion of the stimulus. Three of these mirror-
systems controlled the moving lights and two other projectors 
were used for the center and criterion lines. Control of 
these mirror-systems was provided by the ?DP 8 computer» 
Stimulus tapes, input to the PDP 8, consisted of a random ar­
rangement of collisions and noncollisions for 100 trials with 
a fifty per cent probability for each event. The tapes were 
such that the hit rate and false alarm rate could be deter­
mined for each quarter of the 100 trial session. The 
tracking light moved vertically at 10.0 or 11.1 cm/sec and 
the horizontal lights moved with twelve different velocities 
ranging from 19.2 to 35.5 cm/sec. The occurrence of a 
collision depended upon a specific combination of starting 
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time and velocity. Each 100 trial tape consisted of a random 
arrangement of combinations of these central and horizontal 
light velocities, and three random orders of these tapes wece 
used throughout the experiment. The trial duration ranged 
from 10 to 12 seconds. 
A Hewlett Packard precision noise generator model 8057& 
was used to produce the continuous pink noise (filtered 3 db 
per octave from 3 Hz to 20 Hz) . The noise was delivered to 
the S by a head set (Permoflult 10) at two noise levels; 60 db 
and 95 db. These levels were determined by measuring the 
output of the head set with a Precision sound pressure meter 
(Bruel 5 Djoer type 2203 with an artificial ear attached). 
An audiometer (constructed in this laboratory, IZF-TNO) was 
used to test each S before and after the experiment to insure 
that no permanent damage resulted from exposure to the noise. 
Scoring for the experiment was provided by on line in­
formation regarding the prediction decision and the tracking 
score at the end of every trial. Eye movements were 
monitored by recording electro-oculograms (EOS) with Beckman 
microelectrodes placed on the sides of the head. A feedback 
system was used to warn the S when he made an eye movement 
greater than 5° during the trial. This feedback came iti the 
form of the central light dimming in brightness for 200 msec, 
each time an eye movement was made. 
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With this task the visual angle was defined by the range 
within which the S could preview the horizontally moving 
stimuli before it reached the criterion line. This range ex­
tended from 33° {200 cm) to the criterion line placed 15° (80 
cm) from the center line. 
Subjects 
There were 12 male and female paid volunteers from the 
State University of Utrecht, the Netherlands. All Ss had 
normal vision and hearing and were without a history of eye 
or ear impairment. Only the afternoon Ss participated in the 
sleep deprivation condition. They remained at the institute 
after the fifth afternoon and participated in normal activi­
ties, such as playing games, walking, bicycling, reading etc. 
under supervision until the afternoon of the next day. The 
morning Ss came on the sixth day after a normal night's 
sleep. 
Procedure 
The S participated in three experimental sessions per 
day for six days. The first three days were training and the 
last three were experimental days. The schedule was as 
follows: 
Day 1—S was familiarized with the two tasks separately and 
then together as a dual task. 
Day 2 5 3—3 was given training with the dual task under the 
different instructions. This extended training period was 
necessary because of the large training effects found with 
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this task in prior experiments (Goolkasian & Bunt, 1 973). 
The instuctions explained in English and Dutch were; 1, the 
prediction task is the most important task, far every error, 
i.e., predicting a collision when it does not occur and 
failing to predict it when it does, you will lose one cent. 
The tracking task is the secondary task. 2. The tracking 
task is the most important task and every time you lose con­
trol of the center light you lose one cent. The prediction 
task is the secondary task. 3. Both tasks are of equal im­
portance. Each error in prediction and each trackiag error 
will cost you a half cent. The Ss had an opportunity to earn 
a guilder for each session.% 
Day 4 s 5—S performed the task with the three instructions 
under the two noise levels. On any one day only one noise 
level was used. This, of course, allows for an evaluation of 
the aftereffects of noise. Half of the Ss received the loud 
noise on the first experimental day and the other half 
received the guiet noise. 
Day 6—The morning Ss came as usual and participated in three 
sessions, but without any manipulation of their arousal 
level. They provided a control for performance under the 
different instructions on the last day. The afternoon Ss 
after remaining at the institute all night, performed in the 
three sessions under the different instructions. All Ss wore 
the headphones on this day but without noise. 
During each forty minute session the S sas seated three 
meters in front of the screen. To restrict head movements, 
and to provide a stabilized reference for the EOG recording, 
the S fixed his head on a chin rest mounted on the table in 
front of him. He was instructed to maintain a constant 
fixation on the center line during the critical portion of 
the trial, i.e., before the horizontally moving lights pass 
the criterion line. 
iThis is approximately $.30. 
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Design 
The order of instructions within a day was arranged in a 
3 by 3 Latin square with four Ss in each order. The noise 
levels were balanced between the first two experimental days, 
and the sleep condition was always on the sixth day. 
The prediction task response measures were d* and Beta 
scores, computed from the hit and false alarm rate from each 
100 trial session.i Hit and false alarm rates were also com­
puted for each quarter of a session. This allowed for some 
evaluation of the stress effect on sustained attention. For 
the tracking task, means and standard deviations of the inte­
grated error scores per trial were computed for each quarter 
of a session. ANOVA's were performed on the d' and log Beta 
scores for each session, hit and false alarm rate for each 
quarter of a session, and tracking error scores (means and 
standard deviations) . 
Results 
Prediction task 
A greater sensitivity to instructions was found when the 
background noise was stressful, than under quiet noise condi-
iThe following formulas were used: d*= the abscissa 
value of the standardized normal distribution for the hit 
rate minus the abscissa value of the standardized normal dis­
tribution. for the false alarm rate. Beta= the ratio of the 
ordinate value of the standardized normal distribution for 
the hit rate to the ordinate value of the standardized normal 
distribution for the false alarm rate (Hochhaus, 1972). 
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tions. The ANOVA oq d* scores for the two noise levels re­
sulted in the predicted arousal by attention interaction, 
F (2,12) =5. 05, Performance on the prediction task was 
better under selective attention instructions than under 
shared or secondary task conditions, but only under stressful 
noise, F (1,12) =1 0.89, £<,01. There was no difference in d' 
scores among the levels of instructions when quiet noise was 
applied (F<1). The decremental effect that stressful noise 
has on perceptual performance is shown by the main effect of 
arousal, F(1,6)=7.43, 2<.05. Unexpectedly, the interaction 
of order of arousal by arousal level was significant and 
accounted for 4 0% of the variance, F (1 ,6) =67. 26, £<.01. It 
appears that this effect is due to differential performance 
between the two orders under quiet noise (Figure 3). The d* 
scores between the noise levels were not significantly dif­
ferent for the group which experienced the quiet noise first 
according to a scheffe's test. Order of arousal also inter­
acted significantly with instructions, F(2,12) =5.65, £<.05; 
with order of instruction by arousal, F(2,6) =9.60, £<.05; and 
there was a significant instruction order by arousal interac­
tion, F(2,6)=8.02, £<.05; but these effects were small with 
respect to the amount of variance accounted for. The session 
by arousal effect although in the predicted direction did not 
^Complete AN3VA tables may be found in Appendix A. 
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Figure 3. The d' scores for the groups that experienced the 
two noise levels in different order in Experiment I. 
quite reach significance, F(U,12)=2.58, £<.10, but it 
accounted for 10% of the variance. The main plot error ten 
of subject within order of arousal by order of instruction 
was also significant, F(6,12)=19.72, £<.01. 
Mean d' scores for the six Ss who experienced the three 
levels of arousal are shown in Figure 4. Performance under 
selective attention instructions appeared to be directly re­
lated to the level of arousal. Secondary and shared 
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instruction, however, resulted in a decrease in d' scores 
both sleep deprivation and loud noise as compared tD the 
quiet noise condition. The effect of sleep deprivation, 
then, was to cause a general decline in task performance 
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under all levels Df instructions. Table A compares the sleep 
deprivation and the control group's performance on the last 
experimental day. 
Table A Comparison of d' scores between the quiet noise 
and the last experimental day in Experiment I. 
-sleep deprivation- control 
Instructions 60 db last day 60 db last day 
selective 1. 52 1. 36 1. 37 1.72 
shared 1.76 1.46 1.46 1.58 
secondary 1.72 1.16 1.31 1.22 
For the control group performance on the sixth day was sig­
nificantly better under selected and shared instructions, 
F (1,12) = 16. 00, 2<.01, but there was no difference in second­
ary task condition. Imposition of 32-hour sleep deprivation 
not only wiped out this effect, but caused performance to de­
cline significantly under secondary instructions, 
F (1,12)=4.62, £<.05. Separate ANOVA's were performed on the 
d' scores for the six Ss in the sleep deprivation group and 
the six in the control group. These analyses are reported in 
Appendix A. Since it was not possible to separate out order 
of arousal effects in this analysis, because sleep 
deprivation was not balanced with the other arousal levels. 
49 
the error terms were unusually inflated, and as such the 
analyses did not result in any relevant effects. There was a 
significant attention by arousal interaction for the group 
that was not sleep deprived; however, this was a result of 
the performance increase on the last day for selected and 
shared instructions, F (4,12) =3.26, £<.05. 
The log Beta data did not show any interesting effects 
when only two noise levels were analyzed. Subjects reacted 
differently to order of arousal and order of instruction var­
iables, F (6 ,12) = 12.13, £<.01. Except for this effect, howev­
er, order of arousal did not interact with any of the other^ 
variables. 
The ANOVA for the sleep deprivation group at three 
arousal levels resulted in the expected interaction of 
arousal by attention, F(4,12)=3.58, £<.05. Means of the log 
Beta scores for the interaction are plotted in Figure 5= 
Under shared or secondary instructions the willingness to re­
spond was greatest with the guiet noise condition. Although 
both sleep deprivation and loud noise tended to shift log 
Beta upward, only the effect due to sleep deprivation was 
significant, F(1,12) =24.01, £<.01; F (1 ,12) =3.58, £<.10. 
There was a more liberal threshold for responding under 
selective attention instructions than under the other two in­
struction conditions, when the stressful noise was present, 
F (1,12) =8.09, £<.05. The attention conditions were not 
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Figure 5. Log Beta scoces for the group that experienced 
all arousal levels in Experiment I, 
significantly different from each other with sleep 
deprivation, but with guiet noise the Ss tended to be more 
conservative under selective instructions than when told to 
perform under shared or secondary task conditions, 
F ( 1,12) =5.3 3, £<.05. Two error terms were significant in 
this analysis; the effect of subjects within order of in­
struction, F(3,1 2) =27. 41, £<.01; and arousal by subject 
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within order of instruction, F(6,12)=6.03, £<.01. The log 
Beta scores for the control group on the sixth day were not 
significantly different from those under the quiet noise coa-
dition. The only significant effect in the ANOVA for this 
group was the main plot error term, P(3,12)=11.15, £<.01. 
The ANOVA's performed on the hit and false alarm rate 
for the sleep dsprivation and the control group did not 
result in significant interactions between length of session 
and any of the relevant variables. The length of session 
main effect in each of the four analyses is an artifact of 
the scoring procedure.i These analyses suffer from the same 
problem as the d' score analysis. The significant order of 
arousal effects are pooled into the error terms, and because 
of this, few terms reach significance excapt the error terms 
themselves. The hit rate analysis for the sleep deprivation 
group yielded an effect of the main plot error? ?(3.-36) =6ett8,. 
£<.01; and an order of instruction by session length effect, 
F (6,36)=3.40, £<.05. For the control group the interaction 
of instruction by arousal was significant, F(4,12) =3.27, 
£<.05. The number of hits increased with selective attention 
instructions and high noise, and failed to increase with sec-
iThe first and third measures had a possibility of 11 
but the second and fourth had 13 possible trials. The proper 
comparison is 1 S 2 vs. 3 6 4. These were not significant 
however. 
ondary task instruction on the sixth day. {This explains why 
the d* score did not show any improvement with secondary in­
structions on the last day.) Two error terms also reached 
significance; subjects within order of instruction, 
F (3,36) = 60.23, &<. 01; and instructions by subjects within 
order of instructions, r(6,36)=4.65, £<.05. Ihs false alara 
data for sleep deprivation and control groups resulted in two 
significant error terms; subjects within order of instruc­
tion, F(3, 36) =24. 81, £<.01; F (3, 36) =34. 04, £<.05; and the 
subject by arousal within order of instruction, F(6,36) =3.84, 
£<.05; F(6,36) =5.10, £<.01. 
Motor performance was adversely affected by sleep 
deprivation and length of session. The analyses for the 
sleep deprivation group on both means and standard deviations 
of the integrated tracking error resulted in an arousal main 
efect, F(2,6)=5.87, £<.05; F (2,6) = 13.38, £<.01; a main effect 
of length of session, F(3, 9) =5.ô3,£<. 05; F (3, 9) =13.25, £<.01; 
and their interaction ,F(6,1 8) =3.61, £<.01; F(6, 18) =6.91, 
£<.01. Sleep deprivation seriously impaired the S ability to 
control the motion of the center light and this effect was 
exaggerated as the session length increased (Figure 6).In­
structions did not have an effect on tracking performance 
(F<1) . Also significance in these analyses were; subject 
within order of instruction, F(3,36)=14.81, £<.01; 
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Figure 6. Means of the integrated tracking error scores 
for the group that participated in the three 
arousal conditions in Experiment I. 
F (3,36) =21.81, £<.01; the effect of subject by instructions 
within order of instruction, F (6,35) =1 1.35 , £<.01; 
F(6,36) =7.7 0, £<.01; subject by arousal within order of in­
struction, F (6, 3 6) =1 U. 34, £<.01; F (6,36) =7.07, £<.01; subject 
by arousal by instructions within order of instructions. 
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F (12, 36) =7.62, £<,01; F ( 12,3 6) =7,65, £<.01; aad subject by 
arousal by length of session within order of instruction, 
F (18,36) =2.OU, 2<. 05. 
The tracking scores for the control group on the last 
day were the same as the data from the quiet noise condition. 
The analyses for this group did not result in any relevant 
effects significant. The significant error terms for these 
analyses are reported in appendix A. 
Discussion 
It appears that the prediction decision is affected whan 
task priorities, manipulated through instructions, are estab­
lished together with low and high arousal states. Discrimi­
nation judgments under selective attention instructions were 
directly related to the level of arousal; whereas, perform­
ance under shared or secondary task instructions was best de­
scribed by the traditional inverted U-shaped curve (KalEo, 
1959) . 
The d ' data supports Hockey's (1973) "monotonie increase 
in the selectivity of attention from low to high arousal 
levels." The facilitation effect for high priority signals, 
which accompanies the narrowing process of selective atten­
tion, was not evident until the S experienced the stressful 
auditory noise. Performance was good under quiet noise con­
ditions (d*>1.50), but since the instruction conditions did 
not appreciably effect the d' scores at this level of 
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arousal, there was little advantage for the high priority 
signals. It seems, then, that the mechanism of attention 
which operates to enhance input from high priority sources 
and filter out irrelevant and other low priority information 
does not operate unless accompanied by a high arousal state. 
Additional support for Hockey*s data (1973) can be found 
in the fact that while stressful noise had its greatest 
impact on the high priority signal—d' was higher and the re­
sponse rate more liberal—32 hours of sleep deprivation had 
more of an impact on the prediction.task when it was of sec­
ondary importance. The lowered arousal condition caused a 
decreased tendency to predict a collision and a significantly 
lower d' for the shared and secondary task instructions. 
Sleep deprivation also affected tracking performance. The 3s 
ability to control the movement of the center light was 
diminished when deprived of sleep and subjeztsd to a lengthy 
task. 
Evidence in favor of the central nature of the narrowing 
process was found in this study. If tunnel vision were a 
valid phenomenon, as described by tlackworth and Sasterbrook, 
then task performance under high stress shouli be close to 
zero. Instead, the results of enhanced performance on the 
task when it was of primary importance and depressed perforu-
ance when it was secondary demonstrates the central nature of 
the narrowing process. 
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a serious problem with this design lies in the strong 
order of arousal effects. The order in which the S experi­
enced the noise levels made a real difference in perceptual 
performance. The group receiving 60 db noise oa the first 
experimental day did not show any performance difference as a 
function of noise level. For this group, the 60 db noise 
condition was not an adequate "quiet" condition in which to 
compare the effects of stress. This effect could possibly be 
a result of the pre-instructions given to the Ss before the 
experiment. For some reason this might have unduly 
frightened the subjects. Since the same design is used in 
the second experiment, an attempt will be made to deal with 
this problem by using a task with a minimum training compo­
nent, and doubling the number of Ss so that separata analysas 
can be performed if these effects are still found. 
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EXPERIMENT II 
A perceptual motor behavior was samplai, but ia this ex­
periment, it consisted of a randomization task and a target 
deterti-on task. For the randomization task the S was 
instructed to select randomly among four keys every half sec­
ond. The perceptual task was the detection of a triangular-
shaped target in a noisy array. Unlike the first study, 
there was a reason to expect an inequity in variance between 
the signal and noise and the noise distribution. Detecting 
the presence of a triangle results in less variance than 
detecting its absence. For this reason it was necessary to 
plot the underlying ROC curves. A five point rating scale 
was used and the d* scores were estimated at the intersection 
point of the ROC curve with the negative diagonal. 
There were two advantages to this situation in compari­
son with the first study. First, it required a demanding re­
sponse. Four criterion values were maintained on each trial 
of the detection task, and the randomization task required 
the S to keep in mind previous responses in order to avoid 
repetitions or alternations. If arousal and attentional var­
iables have an influence on the willingness to respond, then, 
this task should be sensitive to those shifts. Also, by 
using a rating scale, an estimate of criterion shifts can be 
made at each of four confidence levels. 
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Secondly, training effects were small and appeared to 
diminish with approximately an hours experience with the 
task. 
The experimental variables were the same as in Experi­
ment I. Three levels of instructions were manipulated 
together with three levels of arousal. Again, the predicted 
changes in d* and Beta scores were evaluated from the results 
of the detection task. 
Method 
Task_and_a££aratus 
k sound proof booth in which stimuli were back projected 
onto a 60 by 60 cm screen provided the experimental situa­
tion. The S was seated 150 cm from the screen behind a table 
containing two response boxes. 
The target for the detection task consiste! of a black 
triangle superimposed or. a noisy array (Figure 7) = Th^ stim­
uli were slides presented with a Kodak Random Access 950 
projector. A random arrangement of slides were programmed on 
tapes with a fifty per cent probability that the target would 
be present, and the tape was read by the optical reader of 
the P3APP equipment (Van Doorne & Sanders, 1968) . riming of 
the slides and response recording was handled by this equip-
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ment.1 Five orders of 200 trials were used throughout the 
mm 
m >ï€^ -
Figure 7. Stimulus for the detection task in Experiment II. 
experiment. The stimuli were exposed for 250 ms with a 
three and a half second intertriai interval. The S indicated 
his judgment by pressing one of five keys arranged on a 
iPSASP is a special purpose computer built at the IZF-
TNO laboratory. It is fully described in Van Doorne and 
Sanders (1968) . 
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continuum and labeled in Dutch; sure presant, almost sure 
present, unsure, almost sure absent, and sure absent.% 
A second response box with a 2 by 2 matrix of keys was 
used for the randomization task. The 3, paced by a 500 ms 
blinking light positioned beneath the screen, registered a 
response to every flash. This task was always performed with 
the S's dominant hand. Responses and latencies were recorded 
onto magnetic tape. Two Ss were run at the same time in sep­
arate booths. The noise generating system was the same as in 
Experiment 1. 
Subjects 
There were 24 male and female paid volunteers from the 
State University of Utrecht, the Netherlands. Twelve Ss came 
in the morning, and twelve in the afternoon for four days. 
All Ss had normal vision and hearing and were without a 
history of eye or ear impairment. The afternoon Ss only 
participated in the sleep deprivation sessions. They 
remained at the institute after the third afteraoon, and 
participated in normal activities such as playing games, 
walking, bicycling, reading under supervision until the af­
ternoon of the next day. The morning Ss came back on the 
fourth day after a normal night's sleep. 
Procedure 
iThe scale in Dutch is reported in Appendix B. 
61 
The Ss participated in three experimental sessions per 
day for four days. The schedule was as follows: 
Day 1—Ss were familiarized with the two tasks. The three 
levels of instructions were; 1. the detection task is the 
most important task, for every error you will lose 1 cent. 
The randomization task is the secondary task. 2. the 
randomization task is the most important task and for svery 
repetition or alternation you lose 1 cent. The detection 
task is the secondary task. 3. both tasks are of equal im­
portance and for an error on either task you lose half a 
cent. For each session the Ss had the opportunity to earn a 
guilder. 
Day 2 S 3—Ss performed the dual task with the three instruc­
tions under the two noise levels. On any one day only one 
noise level was used. Half of the Ss received the loud noise 
on the first experimental day, and the other half received 
the quiet noise. 
Day k—The morning Ss came as usual, and participated in 
three sessions without any manipulation of level of arousal. 
They provided a control for performance under the different 
instructions on the last day. The afternoon Ss, after 
remaining awake all night participated in the three sessions. 
All Ss wore headphones on this day. 
Each forty minute session consisted of 450 detection 
trials equally distributed over three work periods of ten 
minutes each. 
Design 
The order of instructions within a day was arranged in a 
3 by 3 Latin square. There were eight Ss in each order. The 
noise levels were balanced between days, and the sleep 
deprivation condition was always on the fourth day. The d' 
and log Beta scores were obtained from the detection task, 
and the Ogilvie and Creelman program (1968) was used to 
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compute the d* scores. For the randomization task Phi-
coefficients were computed for every 10 minuta work period 
(Wagenaar, 1972) ANOV&'s were performed on the d* scores, 
log Beta scores, hit and false alarm rate for each third of a 
session. Phi-coefficient s, and the number of times a 
randomization response failed to occur. 
Results 
Detection task 
Order of arousal interactions were noticeable in the 
ANOVA's performed on the d' and log Beta scores for the noise 
conditions. About 4 3% of the variance in the d' analysis for 
the noise levels was accounted for by interactions of the 
order of arousal with other factors; order of instruction 
15%, arousal 5%, arousal by instructions 5% and order of in­
struction by arousal by instruction 18%. The analysis on the 
log Beta scores yielded two significant interactions; an 
order of arousal by level of Beta, F(3,54) =2.90, £<.05, and 
an order of arousal by order of instruction by instruction by 
Beta effect, F (1 2, 10 8) =2.10, £<.05. As in the first study, 
the group that experienced 60 db noise first failed to inter­
pret it as a quiet condition, and reacted instead to it as a 
iThis score is a measure of the nonrandoaness of the S*s 
response pattern. The Hagenaar and Truijens program (1970^ 
was used to compute these values to the sixth order of analy­
sis. 
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stressor. For this reason a separate analysis was perEormei 
on the two groups that received the different orders of 
arousal. The analysis for the group that received the 60 db 
noise first was not of any further interpretive value, be­
cause this group's performance under the two extreme arousal 
conditions was without an adequate quiet comparison condi­
tions, For this reason, that data was reported, but not con­
sidered in detail. Unfortunately this removes the balancing 
for the training effect between the noise conditions. Howev­
er, the data from the last day of the comparison group who 
were not sleep deprived did not indicate an overall perform­
ance increase. It is assumed, therefore, that this was not a 
problem. The results that are reported in detail in the fol­
lowing paragraphs refer only to the group that received the 
loud noise on the first experimental day. 
Meau d' scores for the six Ss who experienced all thres 
arousal levels are reported in Figure 8. Although the ex­
pected attention by arousal interaction was not quite signif­
icant, F (U, 12) =2.75, £<.10, the same types of relationships 
that were found in study 1 were replicated. There was an in­
struction main effect, F(2,6)=5.G3, E<.05, but this effect 
was not present at all levels of arousal. As in the first 
study, selective attention instructions proviiei for a facil­
itation in performance over the other attention conditions 
only at a high level of arousal, F (1, 12) =15.07, £<.01. Under 
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a medium arousal level, there was no difference between per­
formance in the shared and selective conditions. 
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Figure 8. Mean d* scores for the group that experienced 
three arousal levels with the loud noise on the 
first day in Experiment II. 
but secondary task performance was worse than shared, 
F (1,12)=4.84, £<.05. Under sleep deprivation differences as 
a function of instructions were not found. Performance with 
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instructions to selectively attend to the detection task was 
directly related to tte level of arousal. Shared and second­
ary instructions, however, resulted in a decrease in d' 
scores for both sleep deprivation and loud noise as compared 
to the quiet noise condition. Sleep deprivation did nat 
cause quite as strong of a decrease in d' as it did in Exper­
iment I. Other effects ware; the subject within order of in­
structions, F(3,12)=12.16, £<.01, and arousal level by 
subject within order of instructions, F (6,12) =4. 68, £<.05. 
Table B Comparison of d' scores between the quiet noise 
condition and the last experimental day in 
Experiment ii. 
-sleep deprivation- control 
Instructions 60 db last day 60 db last day 
2.37 2.15 2.42 2.75 
2.53 2.30 2.45 2.57 
2. 20 2.05 2.26 2.30 
The comparison control group's d' scores for the last 
day of the experiment did not indicate any overall change in 
d' score, but there was an improvement with selective atten­
tion instructions, F (1,12) =10.24, £<.01 (Table B). The in­
struction main effect was also significant for this group, 
F (2, 6) =5 .40,£< .0 5; and subjects reacted differently to in-
selective 
shared 
secondary 
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straction orders, F{3,12)=52.96, £<.01. 
Log Beta scores from the variables of interest were 
plotted in Figure 10. & strong Beta level effect confirmed 
that the rating scale method was effective in providing the 
subjects with different response criteria, F (3,9)=8.12, 
£<.01. Also significant was a session by arousal effect. 
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The c'Tarage criterion shifts as a function of 
sessions within a day and arousal level in Exper­
iment II. 
F (8,12) =3.01, £<.05, and a session by arousal by level of 
Beta effect, F(2i;,3ô) =2.08, £<.05. There was an increased 
reluctance in the tendency to respond during the latter two 
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sessions when the noise was present (Figure 9) . Subject var­
iability to the various experimental conditions was noted ia 
the significant error terms; subject within instruction 
order, F (3,36)=181.60, £<.01; subject by instruction within 
instruction order, F (6,36)=3.70, £<.05; subject by arousal by 
instruction within instruction order, F (12, 36) =2.72, £<.05; 
subject by level of Beta within instruction order, 
F (9,36)=42.73, £<.01; and subjects by arousal by Beta level 
within instruction order, F( 18, 36) =3.28, £<.01. 
There was a significant interaction of attention and 
arousal variables at the most conservative level of Beta for 
the group which experienced the three arousal levels, 
F(1,12) =U. 52, £<.05 (criterion 1, Figure 10). The tendency 
to detect the signals decreased with selective and shared 
instructions when sleep deprivation was experienced, and also 
under loud noise and selective task instructionsc Secondary 
task instructions, however, yielded a response pattern that 
was insensitive to changes in the arousal level. The session 
by arousal effect was significant at this level of Beta, 
F (8,12) =6.19, £<.01, and subject variability was noted in the 
effects of subject within instruction order, F (3,12)=40.96, 
£<.01; subject by instruction within instruction order, 
F(6,12) =7.32, £<.01; subject by arousal within instruction 
order, 216,12) =17.59, £<.01. 
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Figure 10. Log Bata scores (at the two most conserva­
tive criteria) for the group that experienced 
the three arousal levels with the loud noise on 
the first experimental day in Experiment II. 
In the ANOVA for the comparison group that slept, none 
of the relevant effects were significant. The willingness to 
respond under shared and selective instructions were the same 
as under the quiet noise condition, but with secondary in­
structions there was a tendency toward more liberal 
69 
responding, F(1,12)=6.25, £<.05. 
at the second criterion level (Figure 10) there was also 
an effect of arousal and attention, F(4,12)=5.18, £<.05. 
More conservative response rates were observe! with the com­
binations of high and low arousal states and instructions to 
select or share attention. Under secondary task instructions 
the willingness to respond was unaffected by arousal changes. 
The most risky response rate was found with selective and 
shared attention instructions at a medium activation level. 
This was a predicted effect, but it was obtained significant­
ly only at the conservative criterion levels. The effects of 
subject within instruction order, and subject by arousal 
within instruction order was also significant, F (3,12)=U0.28, 
£<.01, F(6,12)=3.61, £<.05. 
The data for the Ss who slept did not indicate any 
shifts in log Beta (second criterion level) on the last day. 
The analysis did not yield any of the relevant effects. 
For the third criterion value, the arousal attention in­
teraction was not significant, F (4,12) =2.17, £<.25. Sleep 
deprivation was the only condition that affected the 
willingness to respond to the detection task. âs ia the 
other criterion levels, sleep deprivation caused a decrease 
in the willingness to respond under selective and shared task 
instructions, F( 1,12) =9. 18, £<.05, F (1 ,12) =28. 81 , £<.01. The 
noise effect was not found at this criterion level, however. 
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There was an effect of subject within instruction order, 
F(3,12)=43.98, 2<.01; and an effect of arousal by subject 
within instruction order, F(6, 12) =3. 58, £<.05. The compari­
son group of Ss who slept did not indicate any change in 
their willingness to respond on the last day. 
The experimental variables did not cause any significant 
shifts at the most liberal criterion position. & subject 
within instruction order was the only significant effect, 
F(3,12) = 68.83, £<.01. The comparison group at this criterion 
level showed a similar insensitivity to the experimental var­
iables. This analysis, however, did result in a significant 
instruction effect, F(2,6)=8.73, £<.05. Secondary instruc­
tions caused an upward shift in the response criterion. 
The analysas on the number of hits and false alarms for 
both the sleep deprivation and the comparison sleep groups 
did not result in any of the relevant effects. As in the 
first study, an effect of the length of the session was not 
found. It appears that the d* and log Beta shifts were not 
accounted for by either the hit rate or the false alarm rate 
alone. A large amount of subject variability was obtained 
with these analyses and these effects are reported in appen­
dix A. 
The analysis on the number of times the uncertain cate­
gory was used revealed some interesting effects, A signifi­
cant session by arousal effect, F(8,12) =3.33, £<.05, demon-
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strated a tendency to produce less uncertain responses during 
the second and third sessions when under high or low arousal 
{Figure 11). Experience with either of the stressors, sleep 
deprivation or loud noise, served to decrease the amount of 
uncertain responses, but only in the second and third ses-
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Figure 11. The mean number of uncertain responses for the 
group that experienced three arousal levels with 
the loud noise first in Experiment 11. 
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sions. Initially the stressors caused an increase in the use 
of the uncertain category. A significant arousal by length 
of session was also found, F (U, 12) =4.51, B<.05. As the ses­
sion length increased there was an increased tendency to uss 
the uncertain category but only when the noise was experi­
enced. Under sleep deprivation the reverse occurred and less 
uncertain responses were made. Subject variability was also 
noted in this analysis and these terms are reported in Appen­
dix A. 
For the group that received the quiet noise first, the 
same type of analyses was performed. These results, however, 
were very difficult to interpret because of the lack of a 
proper guiet noise control. Some of the same effects were 
found, i.e., Ss used four criterion levels for responding, 
F(3,9)=19.40, £<.01; and there was a significant main effect 
of instructions for the d' scores, F (2.6) =8.21, d<.05. None 
of the other interesting effects could be looked at however. 
These analyses are reported in Appendix A. 
Randomization task 
The ANOVA on the Phi-coefficients for the sleep 
deprivation groups revealed a bias in the direction of nega­
tive recency for the first two orders, F (5,15) =56.34, £<,01 
(Figure 12). The order by arousal interaction, 
F(10,30)=2.20, p<.05; and a session by order by arousal in­
teraction, F(40,60) = 1.86, £<.05, was largely iue to the main 
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effect of order, but there was a slight tendency toward an 
increased negative recency at the high arousal level for 
order one and two. Aside from these effects, performance on 
the randomization task was not significantly affected by the 
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Figure 12. Measures of nonrandomness for the group that 
experienced three levels of arousal with the loud 
noise first in Experiment II. 
other relevant variables. Some of the subject interactions 
were significant and these are reported in Appendix A. The 
analysis on the comparison group who slept dii not reveal aay 
significant differences in nonrandomness on the last day. 
Similar results were found for the group that received the 
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quiet noise first. The only difference was found in the com­
parison group which showed a significant arousal effect, 
F (2,6)=8.52, £<.05. This effect was produced by the greater 
tendency toward negative recency under the two noise levels 
than on the last day of the experiment. This effect also 
contributed to the arousal by order, F(10,30)=2.46, £<.05; 
and the session by arousal by length of session by order in­
teraction, f(80, 120) =1 .64, £<.05. 
The ANOVA's on the per cent of missed responses to the 
visual metronome are also reported in Appendix A. The analy­
ses for the four groups; sleep deprivation and comparison 
group and the two orders of arousal, revealed that the missed 
responses did not fluctuate systematically with the arousal 
and attentional variables. The Ss failed to respond to ap­
proximately 36% of the flashes. 
Discussion 
The tendency to respond to tasks which are labeled as 
important, appears to be affected by high and low arousal 
states. Log Beta shifts in the direction of increased 
conservativeness were observed in the s s reaction to the high 
noise and sleep deprivation experience, when under selective 
or shared task insructions. These shifts were characteris­
tic, however, of only the conservative criterion levels 
(Figure 10). In contrast, when the task was labeled as sec­
ondary in importance. Beta shifts were not found as the 
75 
arousal level changed. As predicted the most risky 
responding occurred under a medium arousal level with 
selective instructions. Although it was expected that this 
would be characteristic of all criterion levels, it was only 
found with the first two. This tendency was demonstrated in 
the averaged Beta values but not reliably. 
Most of the effects found with the d* scores in the 
first experiment were replicated. Performance under 
selective instructions increased together with the general 
arousal level. Instructions to share attention resulted in 
an inverted U relationship with arousal. Secondary task in­
structions showed a similar relationship, but not reliably. 
The impact of sleep deprivation was observed on the tendency 
to respond to the detection task when attention was biased 
toward it. This was in contrast to the results of the first 
experiment where the effects of sleep deprivation were meas­
ured on performance of the secondary task. In general, then, 
noise had its strongest effect on d' scores and sleep 
deprivation appeared to effect the S willingness to respond. 
^ These results are supportive of Broadbent's (1971) statement 
that the filtering mechanism is sensitive to stress, and in­
structions should cause changes in both d' an3 Beta scores. 
The log Beta data demonstrated some aftereffects of 
noise. A decrease in the willingness to report a target by 
the second and third session of a day was noted (Figura 9). 
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Vigilance studies report the same type of effect with time on 
the task. Aftereffects were also noted in the tendency to 
use the uncertain category of the rating scale (Figure 11). 
The Ss first exposure to either stressor, loud noise or sleep 
deprivation, resulted in an increase in uncertain responses, 
but this tendency rapidly decreased with more experience. 
The data from the randomization task did not reflect the 
typical response bias pattern for a ^-alternative task 
(Wagenaar, 197 2). Rather, the use of a dual task minimized 
the bias so that it was evident only in the first two orders. 
Biases toward response patterns were shown by the Phi-
coefficients from the first two orders. The Ss tended to re­
spond in alternating patterns. This effect, however, was not 
found to vary with attentional or arousal variables. These 
data would support a theory of nonrandomness that relied on a 
limited mesory or attentional mechanise. It yas realized, 
however, that each Phi-coefficient was estimated from a 
rather long sequence of responses, and this could have masked 
small effects that were caused by attentional or arousal ma­
nipulations. 
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GENERAL DISCUSSION 
It was clear that dual task performance under various 
attentional instructions was influenced by arousal manipula­
tions. Evidence was obtained through d* and log Beta changes 
to support both a perceptual filtering and a response selec­
tion mechanism of attention. 
Filtering was found to be most necessary when loud noise 
was present. In this state, good performance was obtained 
only if the S's attention was focused on the task. Mhen told 
to share attention, or to focus attention on another task, 
there was a decline in d' score. This effect was obtained in 
both experimental situations. With a medium state of 
arousal, however, filtering was not important. The S 
sensitivity toward detecting triangles or predicting 
collisions was unaffected by attentional instructions. The 
d' scores were the same, regardless of whether the task was 
important. In Experiment II, secondary task performance was 
lower than performance under shared instructions at this 
arousal level, but it was not significantly lower than the d' 
score for selective instructions. In the state of sleep 
deprivation, there was a general decline in d' across all 
levels of instructions. The effect was significant only with 
secondary task instructions for the first experiment, but the 
tendency toward reduced performance was present under all in­
struction levels in both experiments. Filtering, then, is 
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not just a function of kow important a particular source of 
input is, but rather, dependent upon the general state of 
arousal. In so far as the filtering mechanism operated in a 
similar way for both experiments, it appears to be a stable 
mechanism not too greatly influenced by task demands. 
In contrast, response selection appears to be a more 
flexible mechanism that is affected by the demands of the 
task. Log ^ta shifts were not consistent between the two 
experiments. The results of the first experiment, using only 
a binary decision, supported the predictions of Deutsch and 
Deutsch (1963). The willingness to respond increased as a 
function of increases in arousal level, and task importance. 
The most liberal response rate was found with high noise and 
selective task instructions, and the most conservative with 
sleep deprivation and secondary task instructions. These 
results were also in line ïith Hockey's (1973) data which 
suggests that loud noise affects the sampling rate of rele­
vant sources of information; whereas, sleep deprivation has 
its impact on less probable sources of input. In this exper­
iment loud noise caused an increase in the tendency to re­
spond only when the task was of primary importance, yet sleep 
deprivation caused a shift toward conservativeness for shared 
and secondary task instructions. 
Experiment II was more sensitive to log &et§ shifts be­
cause it was possible to look independently for effects at 
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four criterion positions. Shifts due to arousal and 
attentional levels were observed, however, only for the first 
two criterion positions. As in the first study, sleep 
deprivation decreased the willingness to report a signal, but 
with shared and selective instructions, not under secondary 
instructions as was the case in the first study. The 
willingness to respond when the task was secondary in impor­
tance was invariant with regard to arousal level changes. 
The most interesting effect with this data, however, was das 
to the quiet noise and selective task instructions. This 
particular combination produced the most risky response rate. 
It appeared that even though there was no evidence for 
filtering at this level of activation, there was some support 
for response selection, ihile experiencing a medium arousal 
state, then, S's have few problems attending to a number of 
input signals at once. Placing priority on one of the tasks 
doesn't effect his sensitivity to that task, but it does 
cause him to lower his threshold for responding, and become 
more risky in his decision process. This occurred, however, 
only in the second study when the task was response 
demanding, it was not evident in the first experiment. 
The results as a whole suggest that the way information 
is processed changes with changes in the activation level. 
Under high stress, filtering is important because the amount 
of stimulus input that can be dealt with at once appears to 
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be narrowed. The S can perform veil on only one task at a 
time. With a medium arousal state, performance on a number 
of tasks at once is feasible. Placing priority on certain 
tasks causes log Beta shifts. Even though the sensitivity of 
the observer is not affected, his willingness to respond is 
changed. With sleep deprivation the greatest impact is on 
response selection. This effect on the willingness to re­
spond, however, is not too surprising. It is a well-kaown 
and an intuitively obvious finding. 
Of the theories discussed in the introduction, it 
appears that Broadbent's (1971) predictions were upheld. 
Since stressful noise produced its largest affect on stimulus 
input, the hypothesized d' shifts with changes in arousal was 
found, and also, attention instructions were found to shift 
both d' and log Beta scores. Neither Treisman's nor Moray's 
though log Beta shifts in the first experiment could be pre­
dicted by the Deutsch and Deutsch model, these findings were 
not replicated in the second experimental situation, and, 
this theory could not explain the d* data. 
Relationship between arousal and performance 
The relationship between performance and arousal varied 
as a function of the attention conditions. Under selective 
attention instructions, performance was directly related to 
arousal level. This data supports Hockey's (197 3) prediction 
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of a monotonie increase in selective attention performance 
with arousal. Under instructions to share attention between 
two tasks, or to attend to another task, performance was best 
characterized by the traditional inverted U-shaped arousal 
curve (Malmo, 1959). It appears then, that the ability to 
select a limited amount of information for extended process­
ing and filter out irrelevant signals that may interfere, is 
not just a function of instruction, but rather is apparent 
only when accompanied by high arousal, with a medium level 
of activation, biasing attention toward one task does not 
lead to facilitation in perceptual performance. The capacity 
to deal with two tasks simultaneously was demonstrated by the 
lack of a d' difference among the attention conditions during 
60 db noise condition. The ability to perform two tasks at 
once diminished, however, when the S encountered the 
stressful noise, Also, since shared task performance dropped 
under high arousal, it seemed that it was not the importance 
of the task that was the critical variable at this state of 
activation, but rather, the amount of input that could be 
handled at any one time. These results have implications for 
some of the traditional attentional effects. Since some 
degree of parallel processing is suggested under a medium 
level of arousal and serial processing with the more 
stressful arousal levels, it is predicted that simple 
attentional effects, such as the span of attention, and the 
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psychological refractory period should vary under arousal 
level changes. The spaa of attention should decrease and the 
psychological refractory period become extendad as the level 
of arousal increases from a medium to stressful state. 
Whatever, there is enough data in this report to suggest that 
it is not feasible to talk about selective attention without 
consideration of the arousal level. 
Effect of stressors 
The typical finding with sleep deprivation and loud 
noise is that they effect the same mechanism in the opposite 
direction. In the first study, noise had its largest impact 
on performance under selective task instructions. Both d* 
and log Beta shifts were recorded. In contrast sleep 
deprivation appeared to effect performance under secondary 
task instructions--again both d' and log Beta shifts ware 
noted. In the second study, however, some of these effects 
failed to replicate.- In general sleep deprivation appeared 
to have its largest impact on the response rate, whereas 
noise effected the stimulus input process. The differences 
in the criterion shifts between studies can be attributed to 
the nature of the task demands. The d* results were stable, 
but the difference in the Bete shifts suggests that the re­
sponse selection mechanism is flexible and influenced by 
situational specificity. 
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The lack of a larger sleep deprivation effect on i' 
scores was surprising, especially in the second experiment. 
A previous study (Moraal, 1972) which used the same stimulus 
material in a single task situation, found decreases in d' 
scores with sleep deprived subjects on a short task. The 
failure to replicate could be due to two important differ­
ences between these studies. First of all, the presence of 
another task, especially one that required a continual re­
sponse, might have had such a stimulating effect that it 
overcame part of the drowsiness from the lack of sleep. It 
has been reliably documented that the effects of sleep 
deprivation are wiped out when paired with another stressor 
(Broadbent, 1963). Secondly, and more importantly, the 
nature of the response differed between the studies. This 
experiment employed a five point rating scale; whereas, 
Moraal used a binary decision situation in which the only re­
sponse indicated was a yes decision. Since neither Beta 
values nor ROC scales were reported in this study it is dif­
ficult to determine the effect on the observer's criterion. 
The effects of both sleep deprivation and loud noise are 
usually reported only in the last part of the session. This 
was not characteristic of this study. Length of session 
effects for the namber of hits and the number of false alarms 
were not significant in either study. Rather, the effect of 
the stressors were evidenced throughout the whole forty 
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minutes of the session. The only significant effect, in this 
regard, was the amount of tracking error produced under sleep 
deprivation. The S•s motor performance steadily deteriorated 
over the session. 
Aftereffects of noise were noted in the log Beta analy­
sis by the significant session by arousal effect, is the S 
became more experienced with the noise levels, they became 
more conservative in their response rates. The first session 
under either noise level produced a more liberal criterion 
placement than either the second or third session. This 
effect was not found under sleep deprivation, however. The 
tendency to respond more conservatively with time on the task 
is a typical finding of vigilance studies, aftereffects were 
also noted in the tendency to choose the uncertain category. 
With both sleep deprivation and loud noise, there was at 
first a tendency to select the uncertain category, but this 
effect steadily decreased in the later sessions. 
These experiments relied upon specific stressors in 
their manipulation of the arousal level. It is realized, 
however, that arousal is a multidimensional concept and as 
such was not fully considered in this study. It would be in­
teresting now to look at the attentional arousal interaction 
while varying arousal systematically on different dimensions. 
It may be the case that arousal as defined by internal 
factors such as anxiety has a different effect on the way in­
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formation is processed. It would also be of interest to look 
at some physiological indicies of arousal, such as pupil 
size, galvanic skia response, and heart rate to determine if 
those indicators correlate with the behavioral operations da-
scribed in this experiment. Whatever, since the attention 
arousal effect has been demonstrated with specific stressors, 
it is necessary to see if the effect replicates with other 
dimensions and is therefore a general characteristic of 
arousal, rather than that of a specific stressor. 
Motor performance 
Motor performance was not affected in the same way by 
attentional and arousal changes as perceptual performance. 
Sleep deprivation seriously hampered the S ability to control 
the tracking light, but this was the only effect obtained. 
Since the motor tasks were well-learned, this finding was in 
accord with Fleishman and Rich (1963). They report that the 
important cues in a well-learned motor task are 
proprioceptive: spatial-visual cues characterized perform­
ance only during the learning stage. 
Within subject design 
The use of a within subjects design in this study has 
been a source of problems. Most important was the strong 
order of arousal effects. The pre-experimental orientation 
given to all Ss to explain what was involved in the experi­
ment, probably served to frighten the subjects. The group 
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that experienced 60 db noise on the first experimental day 
interpreted it to be more stressful than it actually was. 
Whereas, the other group, realized that the noise was guiet 
in comparison to the 95 db noise they experienced the lay be­
fore. It is typical for experiments of this type to 
counterbalance order of arousal, yet none of these report 
order of arousal effects. This may be because of the lack of 
pre-instruction for the Ss, It would seem unethical, howev­
er, to engage Ss in an experiment of this type without any 
foreknowledge on their part of what they would be encounter­
ing. 
A second problem was the large amount of between and 
within variance due to Ss. The strongest of these effects 
were the interactions of Ss by arousal within instruction 
order. This effect together with Poulton's (1973) warning 
against the use of within S designs because of range effects 
suggests that the next step with this problem should be dona 
using between S manipulation of arousal. 
Conclusion 
Recent investigations are suggesting a new direction in 
selective attention research. Hockey (1973) and the data 
from this investigation provide evidence for the necessity of 
including the arousal concept in any research dealing with 
selective attention. What is suggested is a shift in empha­
sis from the concern over which theory of selective attention 
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(i.e., Broadbent, 1958, 1971; Deutsch & Deutszb, 1963; 
Treisman, 1950, 1964a, b, 1969) adequately describes the 
data—a debate that has dominated the area for fifteen 
years—toward an approach that considers tha selective mech­
anism of attention as a product of both arousal and atten­
tion. This framework does not discard or invalidate the cur­
rent theories, but implies that some of the differences among 
the theories themselves, and their discrepancies with empiri­
cal data, could be accounted for by a more thorough consider­
ation of the arousal concept. 
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APPENDIX A: ASOVA'S 
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Table 1. Analysis on the d* scores for the noise 
conditions in Experiment I. 
— — — — — — —  — — —  — — — — — 
SOOECE ss DP MS F 
Order of Noise (A) 1.364 1 1.3640 <1 .00 
Order of Instructions (B) 1.3365 2 0. 668 <1 .00 
Â X B 0.4182 2 0. 209 <1 .30 
Subjects/A X B 9.1959 6 1. 5326 19 .72*^ 
Instructions (D) 0.2830 2 0.1415 3 .22 
A X D 0.4965 2 0.2482 5 .65* 
Session (B x D) 0.2879 4 0.0719 1 .64 
A X B X D 0.5213 4 0. 1303 2 .96 
Subjects X D/& X B 0.5275 12 0.0439 <1 .00 
Noise (F) 0.2369 1 0.2369 7 .43* 
A X ? 2.1459 1 2. 1459 67 .26»* 
B X F 0.5117 2 0.2558 8 .02* 
A X B X F 0.6164 2 0.3082 9 .60* 
Subjects X Noise/A x B 0.1914 6 0.0319 <1 .00 
D X F 0.7846 2 0.3923 5 .05* 
A X D X F 0.0100 2 0.0050 <1 .00 
3 X D X F 0.8009 4 0.2002 2 .58 
A X D X B X F 0.1183 4 0.0295 <1 .00 
Error 0.9324 12 0.0777 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
98 
Table 2. analysis on the d* scores for the subjects that 
experienced the three levels of arousal in 
Experiment I. 
SOURCE SS DF MS F 
Order of Instructions (A) ""272433"" ~ 2  ""ÎTT2Î6" ""3T32 
Subjects/A 1.0144 3 0.3381 1.54 
Instructions (c) 0.2226 2 0.1113 1.47 
A X C 0.3671 4 0.0917 1.21 
Subjects X C/A 0.4559 6 0.0759 <1.00 
Arousal (D) 1.0538 2 0.5269 1.98 
A X D 0.5100 4 0.1275 <1.00 
Subjects D/A 1.5932 6 0.2655 1.20 
C X D 1.1065 4 0.2766 1.26 
A X C X D 1.0716 8 0.1339 <1.00 
Error 2.6362 12 0.2196 
Table 3. Analysis on the d* scores of tke subjects that 
were not sleep deprived in Experiment I. 
SOURCE SS DF MS F 
Order of Instructions (A) 2. 3853 2 1. 1926 <1 . .00 
Subjects/A 8. 1418 3 2. 7139 71. 74++ 
Instructions (C) 0. ,5825 2 0. 2912 2. 30 
A X C 0.1925 4 0. 0481 1. 27 
Subjects X C/A 0.7592 6 0. 1265 3. 34* 
Arousal (D) 0.6761 2 0. 3381 1. 14 
A X D 1. •0 8 68 4 0. ,2717 <1 .00 
Subjects X D/A 1. 7805 6 0. 2957 7. 34* + 
C X D 0. 4902 4 0. , 1225 3 .26* 
A X C X D 0, .4029 8 0. ,0503 1 .33 
Error 0. 4539 12 0. ,0378 
•Denotes significance at the .05 Isvel 
••Denotes significance at the ,01 level 
99 
Table 4. analysis on the log Beta scores for the 
noise conditions in Experiment I. 
soaecE ss DF as F 
Order of Noise (A) 076772 1 0.6772 1.98 
Order of Instructions (B) 0.7487 2 0.3743 1.10 
A X B 0.0029 2 0.0014 <1 .00 
Subjects/A X B 2.0507 6 0.3417 12.13+^ 
Instructions (D) 0.0453 2 0.0226 1.36 
À X D 0.0074 2 0.0037 <1.00 
Session (B x D) 0.0793 4 0.0198 1.19 
A X B X D 0.1239 4 0.0309 1.85 
Subjects X D/A X B .2008 12 0.0167 <1.0D 
Noise (?) 0.0001 1 0.0001 <1.03 
A X F 0.0723 1 0.0723 2.50 
B X F 0.0077 2 0.0038 <1.03 
A X B X F 0.0953 2 0.0476 1.65 
Subjects X F/A X B 0.1737 6 0.0289 1.01 
D X F 0.1126 2 0.0563 2.00 
A X D X F 0.0129 2 0.0064 <1 .00 
B X F X D 0.0563 4 0.0140 <1.00 
A X B X D X F 0.0175 4 0.0043 <1 .00 
Error 0.3379 12 0.0281 
••Denotes significance at the .01 level 
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Table 5. Analysis on the log Beta scores for the 
subjects that experienced the three levels of 
arousal in Experiment I. 
SOURCE SS DF MS F 
Order of Instructions (A) 0.8845 2 0.4422 1 .20 
Subjects/B 1.1033 3 0.3677 27 .41^^ 
Instructions (C) 0.0205 2 0.0102 <1 .00 
Session (A x C) 0.1430 4 0.0357 1 .83 
Subjects X C/A 0.1170 6 0.0195 1 .45 
Arousal (D) 0.2095 2 0.1047 1 .29 
A X D 0.1732 4 0.0433 <1 .00 
Subjects X D/A 0.4860 6 0.0810 6 .03 + ^  
C X D 0.1897 4 0,0474 3 .53^ 
A X C X D 0.1515 8 0.0189 1 .41 
Error 0.1610 12 0.0134 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
Table 6. Analysis on the log Beta scores for the 
subjects that were not sleep deprived in 
Experiment I. 
SOOHCE SS DF MS F 
Order of Instructions (A) 0.2870 ~2 "071435" ~<Ï73Ô" 
Subjects/A 0.4724 3 0.1574 11.15^^ 
Instructions (C) 0.1006 2 0.0503 4.18 
Session (A x C) 0.0596 4 0.0149 1.27 
Subjects X C/A 0.0722 6 0.0120 <1 .00 
Arousal (D) 0.0084 2 0.0042 <1.00 
A X D 0.1291 4 0.0322 1.54 
Subjects X D/A 0. 1257 6 0.0209 1 .48 
V r\ s, ^ 0.1117 4 0.0279 1.98 
A X C X D 0.0626 8 0.0078 <1.00 
Err or 0.1693 12 0.0141 
••Denotes significance at the .01 level 
101 
Table 7. Analysis on the Hit rate for the subjects tha t 
experienced t he three levels of arousal in 
Experiment I. 
SOURCE SS DF MS 
-
Order of Instruction (A) 83.08 2 41. 54 2.59 
Subjects/A 48.0833 3 16.0277 6.48* 
Instructions (C) 22.6944 2 11.3472 2.96 
Session (A x C) 24.8055 4 6.2013 1.62 
Subjects X C/A 23.0000 6 3.8333 1.55 
Arousal (D) 33.4444 2 16.7222 4.65 
A X D 5.9722 4 1.4930 <1 .00 
Subjects x D/A 21.5833 6 3.5972 1 .45 
C X D 23.3611 4 5.8402 1.31 
A X C X D 44.8888 8 5.6111 1.03 
Subjects X C X D/A 53.5833 12 4.4652 1.80 
Length of session (F) 37.8147 3 12.6049 10.72** 
A X F 23.9907 6 3.9984 3.40» 
Subjects X F/A 10.5833 9 1.1759 <1.00 
C X F 13.7129 6 2.2854 1.40 
A X C r F 23.8981 12 1.9915 1 .20 
Subjects X C X F/A 2..000 18 1.6111 <1.00 
D X F 6.2963 6 1.0493 <1.00 
A X D X F 18.0647 12 1.5053 1 .09 
Subjects X D X F/A 25.0832 18 1.3935 <1.00 
C X D X F 31.6760 12 2.6396 1.07 
A X C X D X F 58.2962 24 2.4290 <1 .00 
Error 89.0844 36 2.4745 -
•Denotes significance at the ,05 level 
••Denotes significance at the .01 level 
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Table 8. Analysis on the false alarm rate for the subjects 
that experieaced the three levels of arousal 
in Experiment I. 
SOU RCE SS DF US F 
Order of In St ructions 7 A) Î4' '9259" 7.4629" <1 .ÔÔ 
Subjects/A 189, .70 3 63. 2361 24 .81*^ 
Instruction s (C) 0. ,8426 2 0. 4213 <1 .00 
A X C 27. ,3518 4 6. 8379 3 .76 
Subjects X C/A 10.9166 6 1. 819% <1 .00 
Arousal (0) 24. 2870 2 12, 1435 1 .24 
A X D 10, .9907 4 2.7476 <1 .00 
Subjects X D/A 58. ,6666 6 9. ,7777 3 .83^^ 
C X D 1. ,7407 4 0, ,4351 <1 .00 
A X C X D 31. 0648 8 3. 8831 1 .30 
Subjects X C X D/A 44. ,5833 12 3. 7152 1 .45 
Length of S ession (F) 20. 7916 3 6. ,9305 2 .09 
A X F 4. 1111 6 0. 6851 <1 .00 
Subjects X F/A 29. 7916 9 3. ,3101 1 .29 
C X F 25. 3055 6 4, 2175 1 .52 
A X C X F 16. ,1666 12 1. 3472 <1 .00 
Subjects X C X F/A 50. ,0833 18 2. ,7824 1 .09 
D X F 18. ,4166 6 3. ,0694 2 .21 
A X D X F 21. ,9722 12 1. 8310 1 .30 
Subjects X D X F/A 24. ,9999 18 1. , 3888 <1 .00 
C X D X F 24, .1110 12 2. ,0092 <1 .00 
A X C X D X F 50. 7400 24 2. 1145 <1 .00 
Error 9 1. 75:7 36 ^ « , 5486 -
••Denotes significance at the .01 level 
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Table 9. Analysis on the Hit rate for tie subjects that 
were not sleep deprived in Experiment I. 
S00ECE SS DF MS F 
Order of In structions (A) 71. 2314 2 35. 6157 <1 .00 
Subjects/A 282. 6248 3 94. 2082 60 .23** 
Instruction s (C) 46. 9259 2 23. 4629 3 .22 
Session (A X C) 58. 0741 4 14. 5185 2 .00 
Subjects X C/A 43. 6666 6 7. 2777 4 .65»» 
Arousal (D) 15. 0648 2 7. 5324 2 .43 
A X D 26. 6852 4 6. 6712 2 .15 
Subjects X D/A 18. 5833 6 3. 0972 1 .98 
C X D 37. 3240 4 9. 3310 3 .27» 
A X C I D 8. 0925 8 1. 0115 <1 .00 
Subjects X C X D/A 34. 2500 12 2. 8541 1 .82 
Length of S ession (F) 42. 9398 3 14. 3132 10 .65** 
A X F 3. 9907 6 0. 6651 <1 .00 
Subjects X F/A 12. 0972 9 1. 3441 <1 .00 
C X F 19. 4073 6 3. 2345 2 .00 
A X C X F 25. 0366 12 2. 0863 1 .29 
Subjects X C X F/A 29. 1109 18 1. 6172 1 .03 
D X F 14. 1574 6 2. 3595 <1 .00 
A X D X P 12. 2037 12 1. 0169 <1 .00 
Subjects X D X F/A 54. 8609 18 3. 0478 1 .95* 
C X D X F 25. 1202 12 2. 0933 1 .33 
A X C X D X ? 46. 0184 24 1. 9174 1 .22 
Error 56 = 3085 36 1c 5641 -
•Denot es significance at the .05 level 
——— 
——— ——— 
••Denotes significance at the .01 level 
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Table 10. Analysis of the False alarm rate for the group 
that was not sleep deprived in Experiment I. 
SOOECE SS DF MS F 
Order of Instructions (A) 270.3701 2 135. 1851 1 .71 
Subjects/A 237.5973 3 79. 1991 34 . 04*^ 
Instructions (C) 4.1481 2 2.0740 <1 .00 
Session (A x C) 12.5740 4 3. 1435 1 .21 
Subjects X C/A 15.6111 6 2.6018 1 . 11 
Arousal (D) 19.7037 2 9.8518 <1 .30 
A X D 16.9351 4 4.2337 <1 .00 
Subjects X D/A 71.1944 6 11.8654 5 .10^ + 
C X D 3.4074 4 0.8518 <1 .00 
A X C X D 16.2870 8 2.0358 <1 .00 
Subjects X C X D/A 41.4722 12 3. 4560 1 .48 
Length of Session (F) 4.0509 3 1.3503 <1 .00 
A X F 19.8518 6 3.3086 1 .53 
Subjects X F/A 19.4583 9 2. 1620 <1 .00 
C X F 9.6296 6 1.6049 <1 .00 
A X C X F 21.4259 12 1. 7854 <1 .00 
Subjects X C X F/A 34.1666 18 1.8981 <1 .00 
D X F 2.7407 6 0.4567 <1 .00 
A X D X F 22.0648 12 1.8387 <1 .00 
Subjects X D X F/A 42.2499 18 2. 3472 1 .00 
C X D X F 41.7037 12 3.4753 1 .49 
A X C X D X F 57.1573 24 2.3815 1 .02 
Error 83.7526 36 2c 3264 — 
••Denotes significance at the .01 level 
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Table n. Analysis on the Tracking error scorss for the 
group that experienced three levels of arousal 
in Experiment I. 
SOURCE SS DF MS F 
Order of Instructions (A) 6261.66 2 3130.83 1.44 
Sub jects/A 6537.00 3 2179.00 14.81^^ 
Instructions (C) 1852.92 2 926.46 <1 .00 
Session (A x C) 6014.37 4 1503. 59 <1 .00 
Subjects X C/A 10026.26 6 1671.04 11.35^+ 
Arousal (D) 24813.35 2 12406.67 5.87* 
A X D 9008.47 4 2252. 11 1 .07 
Subjects X D/A 12678.68 6 2113.11 14.36»* 
C X D 6296.79 4 1574.19 1.40 
A X C X D 5226.20 8 653.27 <1.00 
Subjects X C X D/A 13458.05 12 1121.50 7.62** 
Length of session (F) 4761.56 3 1587.18 5.53* 
A X F 1557.13 6 259.52 <1.00 
Subjects X F/A 2535.46 9 281.71 1.91 
C X F 1015.94 6 169.32 <1 .00 
A X C X F 2299.70 12 191. 64 1.05 
Subjects X C X F/A 3286.14 18 182. 56 1 .24 
D X F 6532.78 6 1088.79 3.61* 
A X D X F 2891.50 12 240. 95 <1.00 
Subjects X D X F/A 5415.59 18 300.86 2.04* 
C X D X F 1712.20 12 142. 68 <1.00 
A X C X D X F 3874. 24 161, 44 1.39 
Error 5296.12 36 147. 11 -
•Denotes significance at the ,05 level 
••Denotes significance at the .01 level 
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Table 12. Analysis on the standard deviations of the 
Tracking error scores for the group that exper­
ienced three levels of arousal in Experiment I. 
SOURCE SS DF MS "F 
Order of Instructions (A) 82.01 2 41. 00 <1.00 
Subjects/A 5695.04 3 1898. 34 21.81** 
Instructions (C) 1001.94 2 500. 97 <1.00 
Session (A x C) 593.78 4 148. 44 <1 .00 
Subjects X C/A 4021.77 6 670. 29 7.70** 
Arousal (D) 16432.65 2 8216. 32 13.38** 
A X 0 2305.64 4 576. 41 <1.00 
Subjects X D/A 3684.28 6 614. 04 7.05** 
C X D 1156.32 4 289. 08 <1.00 
A X C X D 929.24 8 116. 15 <1.00 
Subjects X C X D/A 7987.37 12 665. 61 7.65** 
Length of Session (F) 3911.81 3 1303. 93 13.25** 
A X F 1017.42 6 169. 57 1.72 
Subjects X F/A 885.69 9 98. 41 1.13 
C X F 307. 14 6 51. 19 <1 .00 
A X C X F 1318.82 12 109. 90 1.09 
Subjects X c X F/A 1806.63 18 100. 36 1.15 
D X F 4021.36 6 670. 22 6.91** 
A X D X F 1037.57 12 86. 46 <1.00 
Subjects X D X F/A 1745.35 18 96. 96 1.11 
C X D X F 982.31 12 81. 85 <1.00 
A Ï C X D X F 1139=92 24 47= 49 <1.00 
Error 3133.00 36 87. 02 -
••Denotes significance at the .01 level 
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Table 13. Analysis on the Tracking error scores for the 
group that was not sleep deprived in Experiment I. 
SOURCE SS DF MS F 
Order of Ins ructions (A) 10224.01 2 5112.00 1 .69 
Subjects/A 9068.05 3 3022. 68 179.66^» 
Instructions (C) 5.51 2 2.76 <1.00 
Session (A x C) 858.66 4 214.66 <1 .00 
Subjects X C/A 1298.28 6 216.38 12.86^+ 
Arousal (D) 525.34 2 262.67 <1.00 
A X D 608.87 4 152.21 <1 .00 
Subjects X D/A 1785.67 6 297.61 17.69^+ 
C X D 253.19 4 63.30 <1 .00 
A X C X D 1006.55 8 125.81 <1 .00 
Subjects X C X D/A 1941.29 12 161.77 9.61** 
Length of session (F) 115.62 3 38.54 <1 .00 
A X F 45.94 6 7.65 <1.00 
Subjects X F/A 515.86 9 57.32 3.41** 
C X F 292.06 6 48.67 1.98 
A X C X F 108.31 12 9.02 <1.00 
Subjects X C X F/A 441.41 18 24.52 1.45 
D X F 186.20 6 31.03 1.59 
A X D X F 178.32 12 14.86 <1.00 
Subjects X D X F/A 350.61 18 19.48 1.16 
C X D X F 311.04 12 25.92 1.54 
A X C X D X F 306.03 24 12.75 <1.00 
Error 605.66 36 16.82 -
••Denotes significance at the .01 level 
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Table 14. Analysis on the standard deviations of the 
Tracking error scores for the group that was not 
sleep deprived in Experiment I 
• 
————— 
——————— 
SOURCE ss DF HS F 
Order of Instructions (A) 1890.49 2 945.24 1 .39 
Subjects/A 2039.15 3 679.71 41 .14** 
Instructions (C) 20.80 2 10.40 <1 .00 
Session (A x C) 116.82 4 29. 20 2 .14 
Subjects X C/A 81.83 6 13.64 <1 .00 
Arousal (D) 58.49 2 29. 24 1 .01 
A X D 231.01 4 57.75 2 .00 
Subjects X D/A 173.35 6 28.89 1 .75 
C X D 206.76 4 51.69 1 .42 
A X C X D 242.15 8 30.26 <1 .00 
Subjects X C X D/A 437.84 12 36.48 2 .20* 
Length of Session (F) 82.38 3 27.46 1 .28 
A X F 34.79 6 5.79 <1 .00 
Subjects X F/A 193.09 9 21.45 1 .29 
C X F 174.04 6 29.00 1 .58 
A X C X F 134.83 12 11.23 <1 .00 
Subjects X C X F 331.11 18 18.39 1 .11 
D X F 81.73 6 13. 62 <1 .00 
A X D X F 196.11 12 16.34 1 .01 
Subjects X D X F/A 292.14 18 16.23 <1 .00 
C X D X F 186.44 12 15.53 <1 .00 
A Ï C X D X F 436=77 24 18, 20 1 .10 
Error 594.78 36 16.52 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 15. Analysis on the d* scores for the noise 
conditions in Experiment II. 
SOORCE SS DF MS F 
Order of Noise (A) .0266 1 0.0256 <1.00 
order of Instructions (B) 1.1440 2 0.5720 <1 .00 
A X B 4.1338 2 2.0669 1,85 
Subjects/A X B 20.1391 18 1.1188 16.30+» 
Instructions (D) 2.0104 2 1.0052 13.64^^ 
A X D 0.0585 2 0. 0292 <1.00 
Session (B x D) 0.5801 4 0.1450 1.97 
A X B X D 0.3168 4 0.0792 1.08 
Subjects X D/A X B 2.6521 36 0.0736 1.07 
Arousal (F) 0.2401 1 0.2401 1.40 
A X F 0.5183 1 0.5183 3.02 
B X F 0.6628 2 0.3314 1.93 
A X B X F 0.0718 2 0.0359 <1.00 
Subjects X F/A X B 3.0914 18 0.1717 2.50^ 
D X F 0.2243 2 0.1121 1.63 
A X D X F 0.4307 2 0.2153 3.14 
B X D X F 0.4229 4 0.1057 1.54 
A X B X D X F 0.3450 4 0.0862 1.26 
Error 2.4701 36 0.0686 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 16. Analysis on log Beta scores for the noise 
conditions in Experiment II. 
— — — — — — —  — — — — — —  
——— 
— — — — — — — —  
SOORCE ss DF MS F 
Order of Noise (A) 0.2591 1 0. 2591 <1.00 
Order of Instructions (B) 5.2202 2 2.6101 <1 .00 
A X B 4.9928 2 2.4964 <1.00 
Subjects/A X B 65.2499 18 3.6249 146.79^^ 
Instructions (D) 0.2344 2 0. 1172 1 .27 
A X D 0.0342 2 0.0171 <1.00 
Session (B x D) 0.3710 4 0.0927 1.00 
A X B X D 0.4271 4 0. 1067 1.16 
Subjects X D/A X B 3.3168 36 0.0921 3.73*+ 
Arousal (F) 0.0746 1 0.0746 <1 .00 
A X F 0.0236 1 0.0236 <1.00 
B X F 0.0851 2 0.0425 <1 .00 
A X B X F 0.3797 2 0.1898 1.55 
Subjects X F/A X B 2.2070 18 0. 1226 
D X F 0.1109 2 0.0554 <1.00 
A X D X F 0.0766 2 0.0383 <1.00 
B X F X D 0.3596 4 0.0899 1.29 
A X B X D X F 0.5774 4 0.1443 2.07 
Subjects X D X F/A X B 2.5166 36 0.0699 2.83*^ 
Beta level (G) 92.4856 3 30.8285 71.67+^ 
A X G 3.7373 3 1.2457 2.90^ 
B X G 1.2726 6 0.2121 <1 .00 
A X B X G 5.0084 6 0.8347 1,94 
Subjects X G/à x B 23.2285 54 0.4301 17.42** 
D X G 0.2111 6 0.0351 1.86 
A X D X G 0.2097 6 0.0349 1.85 
B X D X G 0.1741 12 0.0145 <1.00 
A r B X D X G 0.4771 12 0.0397 2.10* 
Subjects X D X G/A X B 2.0423 108 0.0189 <1.00 
F X G 0.2233 3 0.0744 2.47 
A X F X G 0.0194 3 0.0064 <1.00 
B X F X G 0.1765 6 0.0294 <1.00 
à X B X F X G 0.1365 6 0.0227 <1.00 
Subjects X F X G/A X B 1.6290 54 0.0301 1.22 
D X F X G 0.1079 6 0.0179 <1.00 
A X D X F X G 0.2376 6 0.0396 1.60 
B X D X F X G 0.2326 12 0.0193 <1.00 
A x B x D x F x G  0.1193 12 0.0099 <1.00 
Error 2.6670 108 0.0246 -
•Denotes significance at the .05 level 
—————— 
••Denotes significance at the .01 level 
I l l  
Table 17. Analysis on d' scores for the group that exper­
ienced the three arousal levels with the loud 
noise on the first day in Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 1.2558 2 "076279" ~<Ï7ÔÔ 
Subjects/A 3.3614 3 1.1204 12.16^^ 
Instructions (C) 0.8835 2 0.4417 6.03^ 
Session (A x C) 0.5195 4 0. 1298 1.35 
Subjects X C/k 0.4396 6 0.0732 <1.00 
Arousal (D) 0.4245 2 0.2122 <1.00 
A X D 0.6548 4 0. 1637 <1.00 
Subjects X D/A 2.5915 6 0.4319 4.69^ • 
C X D 1.0124 4 0.2531 2.75 
A X C X D 1.2931 8 0.1616 1.75 
Error 1.1057 12 0.0921 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
Table 18. Analysis on the d' scores for the group that 
received the loud noise on the first experimental 
day but was not sleep deprived in Experiment II. 
SOURCE SS DF MS F 
Order of Instruction (A) 1,6704 2 078352" ~<î7ôô 
Subjects/A 10.8699 3 3.6233 52.96** 
Instructions (C) 0.5121 2 0.2560 5.40^ 
Session (A x C) 0.2129 4 0.0532 1.12 
Subjects X C/k 0.2847 6 0.0474 <1.00 
Noise (D) 0.8808 2 0. 4404 3.66 
A X D 1.0564 4 0.2641 2.20 
Subjects X D/A 0.7216 6 0.1202 1.75 
C X D 0.2540 4 0.0635 <1.00 
A X C X D 0.2784 8 0.0348 <1.00 
Error 0.8208 12 0.0684 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 19. Analysis ou log Beta scores for the group 
that experienced the three arousal levels with 
loud noise on the first experimental day in 
Experiment II. 
SOOHCE SS DF as F 
Order of Instructions (A) •"12773*16" 2~~ 6.3658 ÎT84 
Sub jects/A 10.3558 3 3.4519 181.60^^ 
Instructions (C) 0.0829 2 0.0414 <1.00 
Session (A x C) 0.3626 4 0.0906 1 .20 
Subjects X C/A 0.4217 6 0.0702 3.70+ 
Arousal (D) 1.4929 2 0.7464 2.76 
A X D 2.3425 4 0.5856 2.17 
Subjects X D/A 1.6648 6 0.2774 14.60^* 
C X D 0.5218 4 0.1304 2.56 
A X C X D 1.2454 8 0.1556 3.01» 
Subjects X C X D/A 0.6208 12 0.0517 2.72* 
Beta level (F) 19.7921 3 6.5973 
A X F 6.4395 6 1.0732 1.32 
Subjects X F/A 7.3100 9 0.8122 H2.12** 
C X F 0.1403 6 0.0233 1.09 
A X C X F 0.1461 12 0.0121 <1.00 
Subjects X C X F/A 0.3868 18 0.0214 1.13 
D X F 0.2622 6 0.0437 <1.00 
A X D X F 0.3365 12 0.0230 <1.00 
Subjects X D X F/A 1.1215 18 0.0623 3.28» 
C X D X F 0.4297 12 0.0358 1.88 
A X C X 0 X F 0.9499 24 0.0395 2.08» 
Error 0.6843 36 0.0190 -
*Denotes significance at the .05 level 
••Denotes significance at the .01 level 
113 
Table 20. Analysis of log Beta (level one) scores for 
the group that experienced the three arousal 
levels with the loud noise on the first experi­
mental day in Experiment 11. 
SOURCE SS DF MS F 
Order of Instructions (A) 37 ÔÏ65 " 
_ _  
1. 5082" 4* [58"" 
Subjects/A 0. 9872 3 0. 3290 40. 97*^ 
Instructions (c) 0. 0463 2 0. 0231 <1. 00 
Session (A x C) 0. 0997 4 0. 0249 <1. 00 
Subjects X C/A 0. 3529 6 0. 0588 7. 32^* 
Arousal (D) 0. 2812 2 0. 1406 <1. 00 
A X D 0. 7900 4 0. 1975 <1. 00 
Subjects X D/A 0. 8477 6 0. 1412 17. 59^ + 
C X D 0 . 1451 4 0. 0362 4 .52* 
A X C X D 0. 3976 8 0. 0497 6, .19* + 
Error 0. 0963 12 0. 0080 -
•Denotes significance at"the".05" level 
— — — '  — 
• •Denotes significance at the .01 level 
Table 21. Analysis on log Beta (level two) scores for 
the group that experienced the three arousal levels 
with the loud noise on the first experimental day 
in Experiment II, 
SOURCE SS DF MS F 
Order of Instructions (A) 2.2765 2 1.1382 1. 10 
Sab jects/A 3.1783 3 1.0594 40 . 28** 
Instructions (C) 0.0710 2 0.0355 1. 40 
Session (A x C) 0.0963 4 0.0240 <1. 00 
Subjects X C/A 0.1525 6 0.0254 <1 . 00 
Arousal (D) 0.71 18 2 0.3559 3. 75 
A X D 0.4124 4 0.1031 1. 09 
Subjects X D/A 0.5694 6 0.0949 3. 61* 
C X D 0.5448 4 0. 1362 5. 18* 
A X C X D 0.4950 8 0.0618 2. 35 
Error 0.3156 12 0.0263 
•Denotes significance at the .05 level 
••Denotes significance at the .01 la val 
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Table 22. Analysis on log Beta (level three) scores 
for the group that experience! the three arousal 
levels with loud noise on the first experimental 
day in Experiment II. 
SOURCE SS DP M S F 
Order of In structions (A) 127 3150"" ~~67 2Ô75" 5" ,63 
Subjects/A 3. 3056 3 1. 1018 43. 99** 
Instruction s (C) 0. 0005 2 0. 0002 <1. ,00 
Session (A X C) 0-1718 4 0. 0429 6. ,81* 
Subjects X C/A 0. 0381 6 0. 0063 <1. ,00 
Arousal (D) 0. 5369 2 0. 2684 2. 99 
A X D 0. 5344 4 0. 1336 1. 49 
Subjects X D/A Or 5381 6 0. 0896 3, 58* 
C X D 0. 2180 4 0. 0545 2. 17 
A X C X D 0. 5652 8 0. 0706 2, .82 
Error G . 3005 12 0. 0250 -
*Denotes significance at the .05 level 
• •Denotes significance at the .01 level 
Analysis on log Beta (level four) for the 
group that experienced three levels of arousal with 
the loud noise on the first experimental day in 
Experiment II-
SOURCE SS DP MS P 
Order of Instructions (A) 1.4628 "2 "077314" "<T7ÔÔ"" 
Subjects/A 10.1946 3 3.3982 68.83** 
Instructions (C) 0.1053 2 0.0526 1.19 
Session (A x C) 0.1408 4 0.0352 <1.00 
Subjects X C/A 0.2649 6 0.0441 <1.00 
Arousal (D) 0.2251 2 0. 1125 <1.00 
A X D 0.9421 4 0.2355 1.70 
Subjects X D/A 0.8310 6 0.1385 2.80 
C X D 0.0435 4 0.0108 <1.00 
A X C X D 0.7375 8 0.0921 1.87 
Error 0.5924 12 0.0493 
**Denotes significance at the .01 level 
Table 23. 
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Table 24. Analysis on log Beta scores for the group 
that received the loud noise on the first experi­
mental day but was not sleep deprived in Expec-
iaent II. 
S 00 RCE SS DF MS F 
Order of Instruction (A) 5.6628 2 2.8314 <1 .00 
Subjects/A 16.2832 3 5.4277 305.11*+ 
Instructions (C) 0.0684 2 0.0342 <1.00 
Session (A x C) 0.2700 4 0.0675 1 .79 
Subjects X C/A 0.2265 6 0.0377 2.12 
Arousal (D) 0.0158 2 0.0079 <1.00 
A X D 0.2259 4 0.0564 <1 .00 
Subjects X D/A 1.2633 6 0.2105 11.83*^ 
C X D 0.2591 4 0.0647 1.97 
A X C X D 0.5827 8 0.0728 2.21 
Subjects X C X D/à 0.3946 12 0.0328 1.85 
Beta level (F) 46.4721 3 15.4907 18.87** 
A X F 4.7716 6 0.7952 3.54* 
Subjects X F/A 2.0243 9 0.2249 12.64** 
C X F 0.5914 6 0.0985 4.66** 
A X C X F 0.4323 12 0.0360 1.70 
Subjects % C X F/A 0.3811 18 0.0211 1. 19 
D X F 0.2357 6 0.0392 1.00 
A X D X F 0.6780 12 0.0565 1.45 
Subjects X D X F/A 0.7026 18 0.0390 2.19* 
C X D X F 0.3685 12 0.0307 1.72 
A X C X D X F 0.3711 24 0.0154 <1.00 
Error 0.6404 36 0.0177 — 
•Denotes significance 
••Denotes significance 
at the .05 
at the .01 
level 
level 
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Table 25. Analysis on log Beta (level one) scores for 
the group that received the loud noise first but 
was not sleep deprived in Experiment II. 
SOOECE SS DF MS F 
Order of In structions (A) 0. 9058 2 0. 4529 "<î" .ÔÔ 
Subjects/A a. 0955 3 1. 3651 42. ,52^^ 
Instruction s (C) 0. 1046 2 0. 0523 1. 86 
Session (A X C) 0. 1593 4 0. 0398 1, .41 
Subjects X C/A 0. 1692 6 0. 0282 <1. 00 
Arousal (D) 0. 1049 2 0. 0524 <1. 00 
A X D 0. 7576 4 0. 1894 1. 69 
Subjects X D/A 0. 6738 6 0. 1123 3, .50 + 
C X D 0. 2597 4 0. 0649 2, .02 
A X C X D 0. 2419 8 0. 0302 <1. 00 
Error 0. 3853 12 0. 0321 -
•Denotes significance at the .05 level 
• •Denotes significance at the .01 level 
Table 26. Analysis on log Beta (level two) scores for 
the group that received the loud noise first but 
was not sleep deprived in Experiment II. 
SOU RCE SS DF M S F 
Order of In struction (À) 37 088l~" ~2 "IT 544Ô" ~<î" 'ÔÔ~ 
Sub jects/A 7. 8599 3 2. 6199 132. ,28** 
Instruction s (C) 0. 0419 2 0. 0245 <1. 00 
Session (A X C) 0. 0928 4 0. 0232 <1, .00 
Subjects X C/A 0. 2000 6 0. 0333 1, .68 
Arousal (D) 0. 0606 2 0. 0303 <1. 00 
A X D 0. 0894 4 0. 0223 <1, .00 
Subjects X D/A 0. 2289 6 0. 0381 1. 92 
C X D 0. 0834 4 0. 0208 1.  05 
A X C X D 0. 1292 8 0. 0161 <1 .00 
Error 0. 2376 12 0. 0198 — 
••Denotes significance at the .01 level 
^  — —  — — — — — 
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Table 27. Analysis on log Beta (level three) scores 
for the group that received the loud noise first 
but was not sleep deprived in Experiment II. 
SOURCE SS DP MS F 
Order of Instruction (A) 773059"" 
__ 
'076^9" "<1 7ÔÔ~" 
Subjects/A 2.4376 3 0.8125 37 .07+^ 
Instructions (C) 0.2376 2 0.1188 4 .87 
Session (A x C) 0.2769 4 0.0692 2 .84 
Subjects X C/A 0.1463 6 0,0243 1 .11 
Arousal (D) 0.0435 2 0.0217 <1 .00 
A X D 0.0482 4 0.0120 <1 .00 
Subjects X D/A 0.6309 6 0. 1051 4 .80^ 
C X D 0.1361 4 0. 0340 1 .55 
A X C X D 0.3568 8 0.0446 2 .03 
Error 0.2630 12 0.0219 
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
Table 28. Analysis on log Beta (level four) scores for 
the group that received the loud noise first but 
was not sleep deprived in Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 5.1345 2 2.5672 1.97 
Subjects/A 3.9144 3 1.3048 105.12+^ 
Instructions (C) 0.2684 2 0.1342 8.73^ 
Session (A x C) 0.1733 U 0.0433 2.82 
Subjects X C/A 0.0921 6 0.0153 1.23 
Arousal (D) 0.0424 2 0.0212 <1 .00 
A X D 0.0085 4 0.0021 <1.00 
Subjects X D/A 0.4321 6 0.0703 5.80+ 
C X D 0.1484 U 0.0371 2.99 
A X C X D 0.2258 8 0.0282 2.27 
Error 0.1489 12 0.0124 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 Isvel 
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Table 29. Analysis on the Hit rate for the group that 
experienced three levels of arousal with loud noise 
on the first experimental day in Experiment 11. 
SOURCE SS DF as F 
Order of Instruction (A) 851.94 2 425.97 <1. 00 
Subjects/A 4753.19 3 1584.40 115. 69** 
Instructions (C) 83.60 2 41.80 <1. 00 
Session (A x C) 136.09 4 34.02 <1. 00 
Subjects X C/A 258.07 6 43.01 3. 14* 
Arousal (D) 539.34 2 269.67 2. 03 
A X D 389.02 4 97.25 <1. 00 
Subjects X D/A 798.96 6 133.16 9. 72** 
C X D 681.58 4 173.39 2. 93 
A X C X D 179.49 8 22.43 <1. 00 
Subjects X C X D/A 697.59 12 58.13 4. 24** 
Length of Session (F) 25.79 2 12.39 1. 02 
A X F 23.57 4 5.39 <1. 00 
Subjects X F/A 72.18 6 12.03 <1. 00 
C X F 69.80 4 17.45 1. 30 
A X C X F 133.27 8 16.65 1. 2 8. 
Subjects X C X F/A 161.37 12 13.44 <1. 00 
D X F 89.72 4 22.43 2. 55 
A X D X F 381.01 8 47.62 5. 42** 
Subjects X D X F/A 105.48 12 3.79 <1. 00 
C X D X F 160.90 8 20. 1 1 1. 46 
A X C X D X F 310.91 16 19.43 1. 41 
Error 328.67 24 13.69 -
*Denotes significance at the .05 level" 
«•Denotes significance at the .01 level 
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Table 30. Analysis oa the False alarm rate for the group 
that experienced three levels of arousal with loud 
noise on the first day in Experiment II. 
SOURCE ~SS DF MS F 
Order of Instructions (A) 5746.32 2 2873. 16 2.32 
Subjects/A 3718.82 3 1239.61 119.77** 
Instructions (C) 100.70 2 50.35 2.26 
Session (A x C) 239.40 4 59.85 2.68 
Subjects X C/A 133.88 6 22.31 2.15 
Arousal (D) 250.03 2 125.01 1.75 
à X D 306.52 4 76.62 1.08 
Subjects X D/A 428.33 6 71.38 6.90** 
C X D 195.03 4 48.75 1 .04 
A X C X D 172.29 8 21. 53 <1.00 
Subjects X C X D/A 561.78 12 46.81 4.52** 
Length of Session (F) 20.33 2 10. 16 1.82 
A X F 51.33 4 12. 83 2.3b 
Subjects X F/A 33.44 6 5.57 <1.00 
C X F 39.51 4 9.87 1.12 
A X C X F 123.70 8 15. 46 1.76 
Subjects X C X F/A 105.66 12 8.80 <1.00 
D X F 47.18 4 11.79 2.56 
A X D X F 102.92 8 12.86 2.80 
Subjects X D X F/A 55.22 12 4.60 <1.00 
C X D X F 51.85 8 6.48 <1.00 
A X C X D Ï F 137=01 16 8.61 <1.00 
Error 248.39 24 10. 34 -
•^Denotes significance 1 at the .01 level 
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Table 31. Analysis on the Hit rate for tha group that 
received the loud noise on the first day but was 
not sleep deprived in Experiment II. 
SOOECE SS DP MS F 
Order of Instructions (A) 1664.64 2 832. 32 <1.00 
Subjects/A 7954.71 3 2651.57 290.07** 
Instructions (C) 65.34 2 32.67 <1.00 
Session (A x C) 58. 17 4 14.54 <1 .00 
Subjects X c/A 295.44 6 49.24 5.39** 
Arousal (D) 8.53 2 4.26 <1 .00 
A X D 218.20 4 54.55 1.08 
Subjects X D/A 303.55 6 50. 59 5.53** 
C X D 11.28 4 2.82 <1.00 
A I C X D 106.97 8 13. 37 <1.00 
Subjects X c X D/A 166.11 12 13.84 1.51 
Lenght of Session (F) 44.23 2 22.11 1 .45 
A X F 239.95 4 59. 98 3.95 
Subjects X F/A 91.22 6 15. 20 1.66 
C X F 8.91 4 2.22 <1 .00 
A X C X F 60.56 8 7. 57 1.08 
Subjects X C X F/A 84.44 12 7.03 <1.00 
D X F 29.39 4 7.34 <1.00 
A X D X F 83.19 8 10. 39 <1.00 
Subjects X D X F/A 134.66 12 11.22 1.22 
C X D X F 52.78 8 6.59 <1.03 
A X C X D X F 127.95 15 7.99 <1.00 
Error 219.38 24 9. 14 -
••Denotes significance at the .01 level 
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Table 32, Analysis on the False alarm rate for the graap 
that received the load noise on the first experi­
mental day but was not sleep deprived in 
Experiment II. 
SODRCE SS DF as F 
Order of Instructions (A) 666.03 2 333.01 <1.00 
Subjects/A 2877.43 3 959.14 172.29^^ 
Instructions (C) 271.4% 2 135.72 2.52 
Session (A x C) 132.07 4 33.01 <1.00 
Subjects X C/A 322.99 6 53.83 9.67^^ 
Arousal (D) 2.37 2 1. 18 <1.00 
A X D 116.25 4 29.06 <1.00 
Subjects X D/A 264.99 6 44. 16 7.93*^ 
C X D 63.85 4 15.96 1.59 . 
A X C X D 118.29 8 14.78 1.48 
Subjects X C X D/A 120.22 12 10.01 1.80 
Length ofSession (F) 0. 11 2 0.05 <1.00 
A X F 137.07 4 34.26 2.47 
Subjects X f/A 83.33 6 13. 88 2.49 
C X F 14.66 4 3.66 1.02 
A X C X F 66.59 8 8. 32 2.48 
Subjects X C X F/A 40.22 12 3.35 <1.00 
D X F 10.96 4 2.74 <1.00 
A X 0 X F 10.85 8 1.35 <1 .00 
Subjects X D X F/A 123.22 12 10.26 1.34 
C X D X F 30.92 8 3.86 <1.00 
A X C X D X F 102.48 16 6.40 1.15 
Error 133.60 24 5.56 — 
••Denotes significance at the .01 l2 vel 
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Table 33. Analysis of the number of uncertain responses for 
the group that received the three levels of arousal 
with loud noise on the first experimental day in 
Experiment II. 
SOURCE SS DF MS --
Order of In structions 7171^204307 4 2~ 62215. Ï9 "~86l '47ÎÎ 
Subjects/A 2158. 46 3 719. 48 93.37+^ 
Instruction s (C) 380. 82 2 190. 41 2.86 
Session (A X C) 630. 13 4 157. 53 2. 37 
Subjects X C/A 399. 25 6 66. 54 8. 63 + * 
Arousal (D) 428. 67 2 214. 33 <1. 00 
A X D 2319. 39 4 579. 84 1. ,99 
Subjects X D/A 1746. 37 6 291. 06 37. n** 
C X D 252. 98 4 63. 24 1. 63 
A X C X D 1032. 71 8 129. 08 3. 33 + 
Subjects X C X D/A 464. 74 12 38. 72 5. 02*+ 
Length of S ession (F) 18. 16 2 9. 08 <1, .00 
A X F 155. 80 4 38. 95 2. 29 
Subjects X F/A 102. 25 6 17. 04 2, .21 
C X F 63. 39 4 15. 84 1. 54 
A X C X F 55. 41 8 6. 92 <1 .00 
Subjects X C X F/A 123. 85 12 10. 32 1 .33 
D X F 108. 87 4 27. 21 4.51* 
A X D X F 337. 16 8 42. 14 6 .98*^ 
Subjects X D X F/A 72. 40 12 6. 03 <1. 00 
C X D X F 144. 01 8 18. 00 2 .33 
A X C X D X : F 131. 17 16 8. 19 1 .06 
Error 184. 93 24 7. 70 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 3U. Aualysis on the number of uncertain responses for 
the group that received the loud noise on the first 
experimental day but was not sleep deprived in 
Experiment II, 
SOOHCE SS DF MS F 
Order of Instructions (à) 10804. 77 2 5402. 38 2. ,93 
Subjects/a 5527. ,92 3 1842. 64 228. 31^^ 
Instruction s (C) 958. 15 2 479. 07 2. 25 
Session (A X C) 1213. 76 4 303. 44 1. 42 
Subjects X C/A 1278. 51 6 213. 08 26. 40 
Arousal (D) 162. 97 2 81. 48 <1. 00 
A X D 139. 95 4 34. 98 <1. 00 
Subjects X D/A 1549. 51 6 258. 25 31, .99 + ^  
C X D 227. 35 4 56. 83 1. 43 
A X C X D 348. 93 8 43. 61 1. 10 
Subjects X C X D/A 475. 70 12 39. 64 4. 91** 
Length of Session (F) 30. 97 2 15. 48 1. 42 
A X F 126. 72 4 31. 68 2. 91 
Subjects X F/A 65. 40 6 10. ,90 1. 35 
C X F 59. 80 4 14. 95 2. 00 
A X C X F 104. 71 8 13. , 08 1. 76 
Subjects X C X F/A 89. 48 12 7. ,45 <1, .00 
D X F 86. 43 4 21. 60 2. 24 
A X D X F • 149. 75 8 18. ,71 1, .94 
Subjects X D X F/A 115. 81 12 9. 65 1. 19 
C X D X F 151. 6/ 8 18. ,94 2, .35 
À X C X D X F 64. 35 16 5. .27 <*i .00 
Error 193. 65 24 8. 07 -
••Denotes significance at the .01 level 
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Table 35. Analysis on the log Beta scores for the 
group that experienced the three arousal levels 
with the quiet noise on the first day in 
Experiment II. 
souses SS DF MS F 
Order of Instructions (A) 16751 8725 7ÔÔ 
Subjects/A 27.33 3 9.11 319 .38^* 
Instructions (C) 0.1945 2 .0972 <1 .00 
Session (A x C) 0.0228 4 0.0057 <1 .00 
Subjects X C/A 1.4731 6 0.2455 8 .&]•• 
Arousal (D) 0.4853 2 0.2426 <1 .00 
A X D 0.8653 4 0.2163 <1 .00 
Subjects X D/A 1.6401 6 0.2733 9 .5&** 
C X D 0.5561 4 0.1390 1 .58 
A X C X D 0.7468 8 0.0933 1 .07 
Subjects X C X D/A 1.0518 12 0.0876 3 .07* 
Beta level (F) 23.03 3 7.67 19 .40*» 
A X F 3.42 6 0.5700 1 .48 
Subjects X F/A 3.56 9 0. 3957 13 .87*^ 
C X F 0.0846 6 0.0141 <1 .00 
A X C X F 0.1762 12 0.0146 <1 .00 
Subjects X C X F/A 0.3180 18 0.0176 <1 .00 
D X F 0.4280 6 0.0713 1 .91 
A X D X F 0.2735 12 0.0227 <1 .00 
Subjects X D X F/A 0.6668 18 0.0370 1 .30 
C X D X F 0.1423 12 0.0118 <1 .00 
A X C X D X F 0.5550 24 0.023 1 <1 .00 
Error 1.026 36 0.0285 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 Isvel 
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Table 36. Analysis on the log Beta (level one) scores 
for the group that received three arousal levels 
with the quiet noise on the first day in Exper­
iment II. 
SOURCE SS DP MS F 
Order of Instructions (A) 275449 "2 'T72724~ "<T7ôô"~ 
Subjects/A 6.1971 3 2.0657 60.44^^ 
Instructions (C) 0.0057 2 0.0027 <1 .00 
Session (A x C) 0.0568 4 0.0142 <1.00 
Subjects X C/A 0.3728 6 0.0621 1.82 
Arousal (D) 0.1069 2 0.0534 <1.00 
A X D 0.3376 4 0.0844 1.05 
Subjects X D/A 0.4820 6 0.0803 2.35 
C X D 0.2277 4 0.0569 1.67 
A X C X D 0.1450 8 0.0181 <1.00 
Error 0.4101 12 0.0341 
••Denotes significance at the .01 level 
Table 37. Analysis on the log Beta (level two) scores 
for the group that experienced the three arousal 
levels with the quiet noise oa the first day in 
Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 9T3743 "2 '476871" Ï .02 
Subjects/A 13.7194 3 4.5731 103 .95^* 
Instructions (C) 0.0213 2 0.0106 <1 .00 
Session (A x C) 0.0101 4 0.0025 <1 .00 
Subjects x C/A 0.3563 6 0.0593 1 .35 
Arousal (D) 0.3322 2 0.1661 1 .73 
A X D 0.1900 4 0.0475 <1 .00 
Subjects X D/A .5754 6 0.0959 2 .18 
C X D 0.1782 4 0.0445 1 .01 
A X C X D 0.1706 8 0.0213 <1 .00 
Error 0.5278 12 0.0439 
••Denotes significance at the .01 level 
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Table 38. Analysis on the log Beta (level three) 
scores for the group that experienced three 
arousal levels with the quiet noise on the first 
day in Experiment II. 
SOD RCE ss DF MS F 
Order of Instructions (A) 5.9289 2 2.9644 1 .40 
Subjects/A 6.2883 3 2.095 48 .52^+ 
Instructions (c) 0.0551 2 0.0275 <1 .00 
Session (A x C) 0.0402 4 0.0100 <1 .00 
Subjects X C/A 0.3948 6 0.0658 1 .52 
Arousal (D) 0.2034 2 0.1017 1 . 10 
A X D 0.2019 4 0.5049 <1 .00 
Subjects X D/A 0.5533 6 0.0922 2 .13 
C X D 0.2010 4 0.0502 1 .16 
A X C X 0 0.4420 8 0.0552 1 .28 
Error 0.5183 12 0.0431 -
• •Denotes significance at the . Ôï~ïë vel 
Table 39. Analysis on the log Beta (leva 1 four) 
scores for the group that experienced three 
arousal levels with the guiet noise on the first 
day in Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 2. Ô893 - - 'l. 0446" "<ll "oô 
Sub jects/A 4. 6887 3 1. 562 30, .13 
Instructions (C) 0. 1971 2 0. 0985 <1 . 00 
Session (A x C) 0. 0918 4 0. 0229 <1. 00 
Subjects X C/A 0 • 6672 6 0. 1112 2. > 14 
Arousal (D) 0. 2707 2 0. 1353 1. 17 
A X D 0. 4093 4 0. 1023 <1. 00 
Subjects X D/A 0. 6961 6 0. 1160 2.24 
C X D 0. 0914 4 0. 0228 <1, .00 
A X C X D 0. 544 8 0. 0680 1. 31 
Error 0. 6223 12 0. 0518 
••Denotes significance at the .01 level 
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Table UO. Analysis on log Beta scores for the group 
that received the quiet noise first but was not 
sleep deprived in Experiment II, 
SOURCE SS DP HS F 
Order of In stru et ions (A) 7. 8750 3. 9375 "62"" 
Subjects/A 2. 5563 3 0. 8521 38.36»+ 
Instruction s (C) 0. 0208 2 0. 0104 <1.00 
Session (A X C) 0. 0452 4 0. 0113 <1, ,00 
Subjects X C/A 0. 4974 6 0. 0829 3. . 12 *  
Arousal (D) 0. 0271 2 0. 0135 <1. ,00 
A X D 0. 4915 4 0. 1228 <1. ,00 
Subjects X D/A 0. ,8526 6 0. 1421 6. 40^ + 
C X D 0. ,0385 4 0. 0096 <1. 00 
A X C X D 0. ,4248 8 0. 0531 <1. 00 
Subjects X C X D/A 1. , 1203 12 0. 0933 4. 20^ + 
Beta level (F) 49. 6723 3 16, 5574 26. 97^ + 
A X F 5, 5125 6 0, 9187 1. 50 
Subjects X F/A 5, .5250 9 0, 6138 27. 63** 
C X F 0, .3737 6 0. 0622 4. 38** 
A X C X F 0, .3140 12 0. 0261 1 , .84 
Subjects X C X F/A 0. 2562 18 0. 0142 <1 .00 
D X F 0. 1214 6 0, 0202 <1 .00 
A X D X F 0. 4922 12 0, 0410 <1.00 
Subjects X D X F/A 0. 8756 18 0. 0486 2, . 19* 
C X D X F 0. 3581 12 0, 0298 1, .34 
A X C X D X ; F 0, .5329 24 0. 0222 1 .00 
Error 0. 7996 36 0. 0222 -
•Denotes significance at the .05 level 
••Denotes significance at the -01 level 
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Table 41. Analysis on log Beta (level one) scores 
for the group that received the quiet noise on ths 
first day but was not sleep deprived in Experi­
ment II. 
S00RCE SS ~DF MS F 
— — — 
Order of Instructions (A) 579235'" 279617"" •~ï 759 
Subjects/A 5.605% 3 1.8684 59 .92*^ 
Instructions (C) 0.0369 2 0.0184 <1 .00 
Session (A x C) 0.0198 4 0.0049 <1 .00 
Subjects x C/A 0.1924 6 0.0320 1 .02 
Arousal (D) 0.0164 2 0.0082 <1 .00 
A X D 0.1242 4 0.0310 <1 .00 
Subjects X D/A 0.1940 6 0.0323 1 .03 
C X D 0.0848 4 0.0212 <1 .00 
A X C X D 0.2119 8 0.0264 <1 .00 
Error 0.3741 12 0.0311 -
••Denotes significance at the .01 level 
Table 42. Analysis on the log Beta (levai two) scores 
for the group that received the quiet noise on 
the first day but was not sleep deprived in 
Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 5.2005 
"_ 
""276ÔÔ2" ~~e .53 
Sub jects/A 1.1955 3 0.3985 7 .78+ 
Instructions (C) 0.0873 2 0.0436 1 .01 
Session (A x C) 0.1238 4 0.0309 <1 .00 
Subjects X C/A 0.2613 6 0.0435 <1 .00 
Arousal (D) 0.0711 2 0.0355 <1 .00 
A X D 0.3618 4 0.0904 1 .76 
Subjects X D/A 0.7768 6 Û. 1294 2 . 53 
C X D 0.1073 4 0.0268 <1 .00 
A X C X D 0.2214 8 0.0278 <1 .00 
Error 0.6145 12 0.0512 -
••Denotes significance at the .01 level 
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Table 43. Analysis on the log Beta (level three) 
scores for the group that received the quiet noise 
on the first day but was not sleep deprived ii 
Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 2.1326 ~2 "~Ï7Ô663~ 9 778+' 
Subjects/A 0.3269 3 0. 1089 3 . 8 7 *  
Instructions (C) 0.1242 2 0.0621 3 . 0 2  
Session (A x C) 0.0613 4 0.0153 <1 .00 
Subjects X C/A 0.1235 6 0.0205 <1 .00 
Arousal (D) 0.0133 2 0.0066 <1 .00 
A X D 0.1324 4 0.0331 <1 .00 
Subjects X D/A 0.4525 6 0.0754 2 .68 
C X D 0.0453 4 0.0113 <1 .00 
A X C X D 0.1596 8 0.0199 <1 .00 
Error 0.3374 12 0.0281 
•Denotes significance at the .05 level 
Table 44. Analysis on the log Beta (1 aval four) scores 
for the group that received the quiet noise first 
but was not sleep deprived in Experiment II. 
— — — — — 
SOURCE SS DF MS F 
Order of Instructions (&) ~Q7T3Ô?'~ 070^53" ~<T 7ÔÔ"" 
Subjects/A 0.9534 3 0.3178 6 .42** 
Instructions (C) 0.1459 2 0.0729 2 .48 
Session (A x C) 0.1542 4 0.0385 1 .31 
Subjects X C/A 0.1764 6 0.0294 <1 .00 
Arousal (D) 0.0475 2 0.0237 <1 .00 
A X D 0.3652 4 0.0913 1 .80 
Subjects X D/A 0.3048 6 0.0508 1 .02 
C X D 0.1590 4 0.0397 <1 .00 
A X C X D 0.3645 8 0.0455 <1 .00 
Error 0.5937 12 0.0494 -
••Denotes significance at the .01 level 
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Table 45. Analysis on the d* scores for the group that 
experienced the three arousal Isvels with the 
quiet noise on the first day in Experiment II. 
SOD RCE SS DF MS F 
Order of Instructions (A) 0.5354" - Ô72Ô77~" 7ÔÔ 
Subjects/A 8.797 3 2.9325 59 .554^ 
Instructions (C) 0.5676 2 0.2838 8 .21^ 
Session (A x C) 0.1052 4 0.0263 <1 .00 
Subjects X C/A 0.2073 6 0.0345 <1 .00 
Arousal (D) 0.3101 2 0.1550 <1 .00 
A X D 0.5611 4 0.1402 <1 .00 
Subjects X D/A 1.238 6 0.2063 4 .19^ 
C X D 0. 1818 4 0.0454 <1 .00 
A X C X D 0.5171 8 0.0646 1 .31 
Error 0.5908 12 0.0492 -
*Denotes significance at the .05 level 
••Denotes significance at the .01 level 
Table 46. Analysis on the d' scores for the group that 
received the quiet noise first but was not sleep 
deprived in Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 10.6381 
_ _  
""573190"' ""575?"" 
Sub jeCtS/n 4.5473 3 1.5157 9.77** 
Instructions (C) 1.6476 2 0.8238 16.04*^ 
Session (A x C) 0.1122 4 0.0280 <1 .00 
Subjects X C/A 0.3081 6 0.0513 <1.00 
Arousal (D) 0.0058 2 0.0029 <1.00 
A X D 0.2164 4 0.0541 <1.00 
Subjects X D/A 1.1327 6 0.1887 1.21 
C X D 0.0443 4 0.0110 <1.00 
A X C X D 0.5553 8 0.0694 <1 .00 
Eczoc 1. 360 12 0.1550 -
••Denotes significance at the .01 level 
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Table 47. Analysis on the Hit rate for the group that 
received the three arousal levels with the quiet 
noise on the first day in Experiment II. 
SOURCE ~SS DF MS F 
Order of Instruction (A) "ïT^ Trëïï"' 
--
~575Ô78T <1.00 
Subjects/A 29815.36 3 9938.45 550.55** 
Instructions (C) 29.82 2 14.91 <1.00 
Session (A x C) 186.28 4 46.57 <1.00 
Subjects X C/A 501.29 6 83.55 4.63** 
Arousal (D) 597.19 2 298.59 1.23 
A X D 1162.69 4 290.67 1.20 
Subjects X D/A 1451.07 6 241.84 13.40** 
C X D 204.72 4 51. 18 1 .08 
A X C X D 845.82 8 105.72 2.24 
Subjects X C X D/A 566.92 12 47. 24 2.62* 
Length of session (F) 90.53 2 45.26 2.86 
A X F 268.24 4 67.06 4.23 
Subjects X F/A 95.07 6 15.84 <1.00 
C X F 58.83 4 14.70 <1 .00 
A X C X F 23.82 8 2.97 <1.00 
Subjects X C X F/A 203.26 12 16.94 <1.00 
D X F 225.58 4 56.39 2.94 
A X D X F 160.97 8 20. 12 1.05 
Subjects X D X F/A 229.81 12 19. 15 1 .06 
C X D X F 122.49 8 15.31 <1.00 
A X C X D X F 438.84 16 27.43 1.52 
Error 433.24 24 18.05 -
*Denotes significance at the .05 level 
••Denotes significance at the .01 lavel 
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Table 48. Analysis on the False alarm rate for the group 
that received the three arousal levels with the 
quiet noise on the first day in Experiment II. 
SOURCE SS DF HS F 
Order of Instructions (A) 5997. 81 2 2998. 91 <1. 00 
Subjects/A 11833. 31 3 3944. 43 352. 20^* 
Instruction s (C) 73. 86 2 36. 93 2. 07 
Session (A X C) 44. 02 4 11. 00 <1. 00 
Subjects X c/a 106. 99 6 17. 83 1, .59 
Arousal (D) 326. 23 2 163. 11 1, .36 
A X D 821. 09 4 205. 27 1, .71 
Subjects X D/A 719. 55 6 119. 92 10. 71 + ^  
C X D 81. 95 4 20. 49 <1, .00 
A X C X D 570. 27 8 71. 28 1. 91 
Subjects X C X D/A 437. 11 12 36. 42 3. 25** 
Length of s es si on (F) 141. 71 2 70. 85 2. 12 
A X F 71. 39 4 17. 85 <1. 30 
Subjects X F/A 200. 22 6 33. 37 2. 98* 
C X F 60. 80 4 15. 20 1. 45 
A X C X F 86. 97 8 10. 87 1. 03 
Subjects X c X F/A 125. 77 12 10. 48 <1, .00 
D X F 119. 32 4 29. 83 3. 64* 
A X D X F 44. 01 8 5. 50 <1 , .00 
Subjects X D X F/A 98. 22 12 8. 18 <1. 00 
C X D X F 71. 05 8 8. 88 <1 , .00 
A X C X 0 X , F 202. 39 16 12. 65 1, .13 
Error 268. 84 24 11. 20 — 
•Denotes significance at the .05~îêvêî 
••Denotes significance at the .01 level 
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Table 49. Analysis on the Hit rate for the group that 
received the quiet noise first but was not sleep 
deprived in Experiment II, 
SOOECE SS DF MS F 
Order of Instructions (A) 5203.41 2 2601.71 3.98 
Subjects/A 1961.28 3 653.76 51.91^^ 
Instructions (C) 304.34 2 152. 17 2.64 
Session (A x C) 24.21 4 6.05 <1 .00 
Subjects X C/A 345.67 6 57.61 4.57^ 
Arousal (D) 89.05 2 44.52 1.20 
A X D 101.28 4 25.32 <1 .00 
Subjects X D/A 260.55 6 43.42 3.45+ 
C X D 38.58 4 9.64 <1.00 
A I C X D 144.86 8 18. 10 1.33 
Subjects X C X D/A 163.66 12 13. 63 1.08 
Length of session (F) 37.34 2 18.67 1.54 
A X F 133.43 4 33. 35 2.75 
Subjects X F/A 72.77 6 12. 13 <1.00 
C X F 49.95 4 12.48 <1.00 
A X C X F 50.71 8 6.34 <1.00 
Subjects X C X F/A 184.44 12 15. 37 1.22 
D X F 8.13 4 2.03 <1.00 
A X D X F 101.42 8 12.68 2.15 
Subjects X D X F/A 70.89 12 5.91 <1.00 
C X D X F 187.35 8 23.41 1.85 
A X C X D X F 273.32 16 17. 08 1.36 
Error 302. 26 24 12. 59 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 50. Analysis on the False alarm rate for the group 
that experienced the quiet noise first but was not 
sleep deprived in Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 109. 78 2 58. 89 1. 40 
Subjects/A 117. 68 3 39. 23 5. 89* 
Instruction s (C) 301. 03 2 150. 52 9. 99* 
A X C 48. 74 4 12. 18 <1. 00 
Subjects X C/k 90. 37 6 15. 06 2. 26 
Arousal (D) 29. 15 2 14. 57 <1. 00 
A X D 92. 63 4 24. 41 <1. 00 
Subjects X n/A 171. 81 6 28. 63 4. 30* 
C X D 23. 03 4 5. 76 <1. 00 
À X C X D 129. 74 8 16. 22 1 , .26 
Subjects X C X D/A 153. 96 12 12. 83 1. 93 
Length of sessi on (F) 13. 37 2 6. 68 <1. 00 
A X F 55. 41 4 13. 85 1 . 34 
Subjects X F/A 61. 81 6 10. 30 1. 55 
C X F 44. 81 4 11. 20 1. 61 
A X C X F 30. 63 8 3. 83 <1 , .00 
Subjects X C X F/A 83. 29 12 6. 94 1. 04 
D X F 25. 81 4 6. 45 1, .19 
A X D X F 30. 96 8 3. 87 <1 . 00 
Subjects X D X F/A 64. 85 12 5. 40 <1 , .00 
C X D X F 58. 22 8 7. 27 1 , .09 
A X C X D X p 207. 11 16 12. 94 1 .94 
Error 159. 71 24 6. 65 -
*Denotes significance at the .05 level 
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Table 51. Analysis on the frequency of uncertain responses 
for the group that experienced the three arousal 
levels with the quiet noise on the first day in 
Experiment II. 
SOORCE SS DF KS F 
Order of Instructions (A) 519. 12 2 259. 56 <1. 30 
Subjects/A 7775. 78 3 2591. 93 274. 32^^ 
Instruction s (C) 9. 79 2 4. 89 <1 . 00 
Session (A X C) 176. 58 4 44. 14 1. 69 
Subjects X C/A 156. 59 6 26. 09 2. 76^ 
Arousal (D) 142. 97 2 71. 49 <1 . 00 
A X D 124. 39 4 31. 10 <1. 00 
Subjects X D/A 469. 14 6 78. 19 8. 2 7 * *  
C X D 105. 50 H  26. 37 <1. 00 
A X C X D 166. 79 8 20. 85 <1. 00 
Subjects X C X D/A 512. 96 12 42. 75 4. 52^* 
Length of s ession (F) 35. 20 2 17. 60 1. 05 
A X F 31. 50 4 7. 87 <1. 00 
Subjects X F/A 100. 70 6 16. 78 1 . 78 
C X F 78. 28 4 19. 57 1. 49 
A X C X F 98. 68 8 12. 33 <1 . 00 
Subjects X C X F/A 157. 41 12 13. 12 1 . 39 
D X F 7. 43 4 1. 85 <1. 00 
A X D X F 72. 20 8 9. 02 1. 07 
Subjects X D X F/A 101. 18 12 8. 43 <1. 00 
C X D X F 73. 64 8 9. 20 <1 . 00 
A X C X D X P 196. 39 16 12. 27 1 . 29 
Error 226. 76 24 9. 44 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Analysis on the frequency of uncertain responses 
for the group that received the quist noise on 
the first day but was not sleep deprived in 
Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) "26234702 2" 13117.01 ~4757~" 
Sub jects/A 8603.11 3 2867.70 80.36** 
Instructions (C) 13.37 2 6. 68 <1 .00 
Session (A x C) 22.81 4 5.70 <1.00 
Subjects X C/A 480.48 6 80.08 2.24 
Arousal (D) 173.81 2 86.91 3.18 
A X D 203.70 4 50.92 1.87 
Subjects X D/A 163.81 6 27.30 <1 .00 
C X D 127.92 4 31.98 <1.00 
A X C X D 359.44 8 44.93 <1.00 
Subjects X C X D/A 628.41 12 52.37 1.47 
Length of session (F) 0.9998 2 0.4999 <1.00 
A X F 200.85 4 50. 21 1.10 
Subjects X F/A 273.48 6 45.58 1.28 
C X F 27.74 4 6. 93 <1.00 
A X C X F 228.96 8 28.62 1.17 
Subjects X C X F/A 294.40 12 24.53 <1.00 
D X F 160.96 4 40. 24 1.09 
A X D X F 159.41 8 19.92 <1 .00 
Subjects X D X F/A 441.40 12 36. 78 1.03 
C X D X F 167.29 8 20.91 <1 .00 
À X C X D X F 305.44 1 D 13.09 <1 .03 
Error 856.45 24 35.68 -
••Denotes significance at the . 01 level 
Table 52. 
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Table 53. Analysis on the Phi-coefficients for the 
group that experienced the thraa arousal levels 
with loud noise on the first day in Experiment 11. 
SOORCE SS DF MS F 
Order of Instructions (A) 0.0654 2 0.0 327 <1.00 
Subjects/A 0.1975 3 0.0658 98.42** 
Instructions (C) 0.0089 2 3.0044 2.81 
Session (A x C) 0.0187 4 0.0047 2.95 
Subjects X C/A 0.0095 6 3.3016 2.37* 
Arousal (D) 0.0228 2 3.0114 1.35 
A X D 0.0280 4 0.0070 <1.00 
Subjects X D/A 0.0507 6 3.3084 12.65** 
C X D 0.0077 4 0.0019 1.09 
A X C X 0 0.0132 8 0.0016 <1.00 
Subjects X C X D/A 0.0213 12 3.0018 2.66** 
Length of session (F) 0.0018 2 0.0009 <1.00 
A X P 0.0086 4 0.0021 <1.00 
Subjects X F/A 0.0145 6 3.3024 3.62** 
C X F 0.0024 4 0.0006 <1.00 
A X C X F 0.0011 8 0.3001 <1.00 
Subjects X C X F/A 0.0086 12 0.0007 1.07 
D X F 0.0063 4 0.0016 1.24 
A X D X F 0.0081 8 3.0010 <1.00 
Subjects X D X F/A 0.0152 12 0.0013 1.90* 
C X D X F 0.0026 8 0.0003 <1.00 
A X C X D X F 0.0179 16 3.0011 <1.00 
Subjects X C X D X F/A 0.0336 24 0.0014 2.09* 
Orders (G) 7.457 5 1.491 56.34** 
A X G 0.6877 10 3.0667 2. 60* 
Subjects X G/A 0.3968 15 0.0264 39.55^* 
C X G 0.0058 10 0.3006 <1.00 
A X C X G 0.0314 20 0.0016 1.65 
Subjects X C z G/A 0.0285 30 0.0009 1.42 
D X G 0.0671 10 0.3067 2. 20* 
A X D X G 0.0925 20 0.0046 1.52 
Subjects X D X G/A 0.0916 30 3.0030 4.56** 
C X D X G 0.0181 20 0.0009 1.08 
A X C X D X G 0.0622 40 3.0015 1.86* 
Subjects X C X D X G/A 0.0501 60 3.0008 1.25 
F X G 0.0028 10 0.0003 <1.00 
A X F X G 0.0097 20 0.0004 <1.00 
Subjects X F X G/A 0.0225 30 0.0007 1.12 
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 53 (continued) 
SOURCE SS DF MS F 
C X F X G 0.0185 20 0.0009 1 . 16 
A X C X F X G 0.0188 UO 3.0004 <1 . 00 
Subjects X C X F X G/A 0.0480 60 0.0008 1. 19 
D X F X G 0.0080 20 0.0004 <1. 00 
A X D X F X G 0.0266 40 0.0006 1. 34 
Subjects X D X F X G/A 0.0299 60 0.0004 <1 . 00 
C X D X F X G 0.0253 40 0.0006 <1. 00 
A x C x D x F x G  0.0351 80 3.0004 <1. 00 
Error 0.0802 120 0.0006 -
Table 54. Analysis on the Phi-coefficients for the 
group that experienced the loud noise first but 
was not sleep deprived in Experiment II. 
SOURCE SS DP MS F 
Order of Instructions (A) 0.1462 2 3.0731 <1.00 
Subjects/A 0.8994 3 0.2998 771.05** 
Instructions (C) 0.0071 2 0.0035 1.74 
Session (A x C) 0.0185 4 3.0046 2. 27 
Subjects X C/A 0.0122 6 0.0020 5.24** 
Arousal (D) 0.0140 2 3.0070 1. 20 
A X D 0.0610 4 3.0152 2.63 
Subjects X D/A 0,0351 6 0,0058 15.06** 
C X D 0.0135 4 3.0 03 3 1.89 
A X C X D 0.0083 8 3.0010 <1.00 
Subjects X C X D/A 0.0215 12 0.0017 4.61** 
Length of session (F) 0.0031 2 3.1559 <1.00 
A X F 0.0015 H 3.0003 <1.00 
Subjects X F/A 0.0108 6 0.0018 4.66** 
C X F 0.0020 4 3.0005 1. 18 
A X C X F 0.0045 8 0.0005 1.23 
Subjects X C X F/A 0.0052 12 0.0004 1.13 
D X F 0.0022 4 0.0005 <1.00 
A I D X F 0.0028 8 0.0004 <1.00 
Subjects X D X F/A 0.0086 12 3.0007 1.84 
C X D X F 0.0032 8 0.0004 <1.00 
A X C X D X F 0.0097 16 3.0006 <1.00 
Subjects X D X C X F/A 0.0164 24 3.0006 1.76 
**Denotes significance at the .01 levai 
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Table 54 (continued) 
SOOBCE SS OF MS F 
Orders (G) 5.84 5 1.1685 18.42** 
A X G 0.2009 10 D.0200 <1.00 
Subjects X G/A 0.9515 15 3.0634 163.16*» 
C X G 0.0063 10 0.0006 <1.00 
A X C X G 0.0216 20 3.0011 1.10 
Subjects X C X G/A 0.0291 30 0.0009 2.50* 
D X G 0.0196 10 3.0019 1.26 
A X D X G 0.0818 20 3.0040 2.53** 
Subjects X D X G/A 0.0466 30 0.0015 3.99** 
C X D X G 0.0147 20 0.0007 <1.00 
A X C X D X G 0.0414 40 3.0010 <1.00 
Subjects X C X D X G/A 0.0644 60 0.0011 2.75** 
F X G 0.0035 10 0.0003 <1.00 
A X F X G 0.0089 20 0.0004 1.09 
Subjects X F X G/À 0.0123 30 0.0004 1.05 
C X F X G 0.0098 20 0.3004 1.23 
A X C X F X G 0.0099 40 0.0002 <1.00 
Subjects X C X F X F/A 0.0240 60 3.0004 1.02 
D X F X G 0.0032 20 0.0001 <1.00 
A X D X F X G 0.0129 40 0.0003 <1.00 
Subjects X D X F X G/A 0.0261 60 0.0 004 1. 12 
C X D X F X G 0.0154 40 0.0003 <1.00 
A x C x D x F x G  0.0302 80 0.0003 <1.00 
Error 0.0466 1 20 0.0003 — 
*Denotes significance 
••Denotes significance 
at the .05 
at the .01 
level 
leyel 
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Table 55. Analysis on the Phi-coefficients for the 
group that experienced the three arousal levels 
with quiet noise on the first iay in Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 0,0047 2 3.0023 <1.00 
Subjects/A 0.1141 3 0.0380 137.33^* 
Instructions (C) 0.0000 2 0.0000 <1.00 
Session (A x C) 0.0008 4 3.0002 <1.00 
Subjects X C/A 0.0053 6 0.0009 3.22^ 
Arousal (D) 0.0041 2 0.0021 <1.00 
A X D 0.0170 4 3.0042 <1.00 
Subjects X D/A 0.0474 6 0.0079 28.54»^ 
C X D 0.0035 4 0.0009 <1.00 
A X C X D 0.0094 8 3.0011 <1.00 
Subjects X C X D/A 0.0159 12 0.0013 4.81* 
Length of session (F) 0.0024 2 3.0012 2.55 
A X F 0.0026 4 0.0006 1.40 
Subjects X F/A 0.0028 6 0.0005 1.72 
C X F 0.0005 4 0.0001 <1.00 
A X C X F 0.0041 8 0.0005 1.10 
Subjects X C X F/A 0.0055 12 0.0004 1.66 
D X F 0.0026 4 0.3006 2.90 
A X D X F 0.0012 8 0.0002 <1.00 
Subjects X D X F/A 0.0027 12 3.0003 <1.00 
C X D X F 0.0040 8 0.0005 1.11 
A X C X D X F 0.0053 16 0.0003 <1.00 
Subjects X C X D X F/A 0.0106 24 0.3004 1.61 
Orders (G) 8.92 5 1.78 70.26** 
A X G 0.106S 10 3.0106 <1.00 
Subjects X G/A 0.3812 15 0.0254 91.75** 
C X G 0.0020 10 0.3002 <1.00 
A X c X G 0.0118 20 0.3005 <1.00 
Subjects X C X G/A 0.0203 30 0.0006 2.45* 
D X G 0.104 10 0.0010 <1.00 
A X D X G 0.0501 20 0.0025 <1.00 
Subjects X D X G/A 0.0982 30 0.0032 11.82** 
C X D X G 0.0061 20 0.0003 <1.00 
A X C X D X G 0.0234 40 0.0006 <1.00 
Subjects X C X D X G/A 0.0485 60 3.0008 2.92^ 
F X G 0.0019 10 0.0002 <1.00 
A X F X G 0.0044 20 0.0002 1.. 10 
Subjects X F X G/A 0.0057 30 0.3002 <1.00 
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 55 (continued) 
SOUBCE SS DF MS F 
C X F X G 0.0052 20 3.3003 <1.00 
A X C X F X G 0.0076 40 0.0002 <1.00 
Subjects X C X ? X 3/A 0.0276 60 3.3004 1.66* 
D X F X G 0.0052 20 0.0002 1.09 
A X D X F X 6 0.0093 40 0.0002 <1.00 
Subjects X D X F X 3/A 0.0144 60 3.0002 <1.00 
C X D X F X G 0.0129 40 0.0003 1.16 
A x C x D x F x G  0.0157 80 0.0002 <1.00 
Error 0.0332 120 3.0003 -
•Denotes significance at the .05 level 
Table 56. Analysis oa the Phi-coefficients for the 
group that experienced the quiet noise first 
but was not sleep deprived in Experiment II. 
SOORCE SS DF MS F 
Order of Instructions (A) 0.2837 2 3.1418 <1.00 
Subjects/A 0.8458 3 0.2819 372.43** 
Instructions (C) 0.0084 2 3.0 041 <1.00 
Session (A x C) 0.0052 4 3.3013 <1.00 
Subjects X C/A 0.0271 6 3.0045 5.98* 
Arousal (D) 0.0448 2 3.0224 8.62* 
A X D 0.0136 4 j.0034 1.33 
Subjects X D/A 0.0155 6 0.0025 3.43* 
C X D 0.0041 4 3.0010 <1.00 
A X C X D 0.0085 8 0.0010 <1.00 
Subjects X C X D/& 0.0195 12 0.0016 2.15* 
Length of session (F) 0.0098 2 3.0049 2. 11 
A X F 0.0057 4 0.0014 <1.00 
Subjects X F/A 0.0140 6 0.0023 3.09* 
C X F 0.0031 4 3.0 00 7 <1.00 
à X C X f 0.0021 8 0 .0002 <1.00 
Subjects X C X F/& 0.0120 12 3.0010 1.33 
D X F 0.0057 4 0.0014 1.71 
A X D X F 0.0081 8 0.0010 1.19 
Subjects X D X F/& 0.0101 12 3.0008 1.12 
•Denotes significance at the .05 level 
• •Denotes significance at the .01 level 
Table 56 (continued) 
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SOURCE SS DF MS F 
C X D X F 0.0137 8 3.0017 1.55 
A X C X D X F 0.0093 16 0.0006 <1.00 
Subjects X C X D X F/A 0.0256 24 0.0011 1.47 
Orders (G) 4.54 5 0.9096 13.00** 
A X G 0.5734 10 0.0573 <1.00 
Subjects X G/A 1.36 15 3.0909 120.07** 
C X G 0.0067 10 0.0007 <1.00 
A X C X G 0.0220 20 0.0011 <1.00 
Subjects X C X S/A 0.0587 30 3.0019 2.58** 
D X G 0.0660 10 0.0066 2.40* 
A X D X G 0.0191 20 3.0009 <1.00 
Subjects X D X G/A 0.0806 30 3.0026 3.55** 
C X D X G 0.0207 20 0.0010 <1.00 
A X C X D X G 0.0257 40 0.0006 <1.00 
Subjects X C X D X G/A 0. 0732 60 0.0012 1.61* 
F X G 0.0089 10 3.0009 <1.00 
A X F X G 0.0338 20 3.0017 1.19 
Subjects X F X G/A 0.0431 30 0.0014 1.90** 
C X F X G 0.0149 20 3.0007 <1.00 
A X C X F X G 0.0319 40 0.0008 <1.00 
Subjects X C X F X G/A 0.0637 60 0.0010 1.40* 
D X F X G 0.0230 20 3.001 1 <1.00 
A X D X F X G 0.0355 40 0.0008 <1.00 
Subjects X D X F X G/A 0.0746 60 3.0012 1.64* 
C X D X F X G 0.0350 40 0.0008 1.15 
A X C X D X F : X G 0.0996 80 0.0012 1.64** 
Error 0.0908 120 3.0007 -
•Denotes significance at the .05 level 
••Denotes significance at che .01 level 
11*3 
Table 57. Analysis on the % of missed responses in the 
randomization task for the group that experienced 
three arousal levels with the loud noise first ia 
Experiment II. 
SOURCE SS DF MS F 
Order of Instructions (A) 6942.37 2 3471.18 1.90 
Subjects/A 5490.63 3 1830.21 15.91** 
Instructions (C) 2163.54 2 1081.77 1.30 
Session (A x C) 6 804.57 4 1701.14 2.04 
Subjects X C/A 5005.06 6 834.177 7.25»* 
Arousal (D) 501.48 2 250.74 <1.00 
A X D 853.42 4 213.35 <1.00 
Subjects X D/A 17 093.54 6 2843.92 24.77»* 
C X D 2 081. 03 4 520.25 <1.00 
A X C X D 5 378.09 8 672.26 1.08 
Subjects X C X D/A 7449.06 12 620.75 5.39»* 
Length of session(F) 21.22 2 10.61 <1.00 
A X F 578.10 4 144.5 2 1.81 
Subjects X F/A 479.07 6 79.84 <1.00 
C X F 828. 11 4 207.02 1.81 
A X C X F 1354.13 8 169.26 1.48 
Subjects X C X F/A 1 372.60 12 114.38 <1.00 
D X F 1 306.24 4 326.56 2.08 
A X D X F 1188.06 8 148.51 <1.00 
Subjects X D X F/A 1887.23 12 157.27 1.37 
C X D X F 1 533.46 8 191.68 1.66 
A Z C X D X F 2315.44 16 144.71 1.26 
Error 2 759,94 24 114.99 -
••Denotes significance at the .01 level 
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Table 58. Analysis on the $ of missed responses in the 
randomization task for the group tiat experienced 
the loud noise first bat was not sleep deprived 
in Experiment II. 
SOURCE ss DF MS F 
Order of Instructions (&) 66558.38 2 33279.19 3. 10 
Subjects/A 12 322.02 3 4107.33 69. 80^* 
Instructions (C) 451.46 2 225.73 1. 71 
Session (A x C) 955.89 4 238.97 1. 8 1 
Subjects X C/A 792.51 6 132.08 2. 24 
Arousal (D) 4172.44 2 2085.22 <1. 00 
A X D 2164.04 4 541.01 <1. 00 
Subjects X D/A 16900.92 6 2816.82 47. 86^* 
C X D 182.02 4 45.50 <1. 00 
A X C X D 1 476.22 8 184.53 1. 98 
Subjects X C X D/A 1 115.89 12 92.00 1. 58 
Length of session (F) 122.25 2 61.12 2. 85 
A X F 458.74 4 114.68 5. 35+ 
Subjects X F/A 128.64 6 21.44 <1. 00 
C X F 84.34 4 21.08 <1. 00 
A X C X F 371.38 8 46.42 <1 . 00 
Subjects X C X F/A 743.32 12 61.94 1. 05 
D X F 69.27 4 17.31 1. 62 
A X D X F 151.75 8 18.96 1. 78 
Subjects X D X F/A 127.95 12 13.56 <1. 00 
C X D X F 361.18 8 45.14 <1. 00 
A X C X D X F 636.30 16 39.76 <1. 00 
Error 1 412.25 24 53.84 -
•Denotes significance at the .05 level 
• •Denotes significance at the .01 level 
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Table 59. Analysis on the % of missed responses in the 
randomization task for the group that experienced 
three arousal levels with the quiet noise first 
in Experiment II. 
SOURCE ss DF HS F 
Order of Instructions (A) 254.39 2 127.19 <1.00 
Subjects/A 130 279 .3 3 43426.44 1621.36^* 
Instructions (C) 268.38 2 134.19 <1.00 
Session (A x C) 2048.52 4 512.13 1.27 
Subjects X C/A 2 413.52 6 402.25 15.01^* 
Arousal (D) 537.01 2 318.50 <1.00 
A X D 682.19 4 170.54 <1.00 
Subjects X D/A 2768.44 6 461.40 17.22»+ 
C X D 746.33 4 185.58 <1.00 
A X C X D 1 199.66 8 149.95 <1.00 
Subjects X C X D/A 2611.77 12 217.64 8.12*^ 
Length of session (F) 343.71 2 171.35 1.90 
A X F 84. 10 4 21 .02 <1.00 
Subjects X F/A 543. 89 6 90.64 3.38^ 
C X F 143.44 4 35.86 <1.00 
A X C X F 431.25 8 53.91 <1.00 
Subjects X C X F/A 833.54 12 69.46 2.59^ 
D X F 342.98 4 85.74 1.17 
A X D X F 340.87 8 42.61 <1.00 
Subjects X D X F/A 878.24 12 73.19 2.73^ 
C X D X F 646.64 8 80.83 3.01 + 
A X C X D X F 635.73 16 39.73 1.48 
Error 642.81 24 25.78 -
•Denotes significance at the .05 level 
••Denotes significance at the .01 level 
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Table 60. Analysis on the % of missed responses in the 
randomization task for the group that experienced 
the guiet noise first bat was not sleep deprived 
in Experiment II. 
SOURCE ss DF MS F 
Order of Instructions (A) 2 879.57 2 1439.78 2.07 
Subjects/A 2 087.29 3 695.76 14.80** 
Instructions (C) 1213.84 2 606.92 2.12 
Session (A x C) 689.28 4 172.32 <1.00 
Subjects X C/A 1718.71 6 286.45 6.09** 
Arousal (D) 106.61 2 53.30 <1.00 
A X D 1732.07 4 433.01 1.03 
Subjects X D/A 2518. 17 6 419.69 8.92** 
C X D 849.27 4 212.31 <1.00 
A X C X D 1 819.33 8 227.41 <1.00 
Subjects X C X D/A 3207.53 12 267.29 5.68** 
Length of session (f) 186.71 2 93.35 1.38 
A X F 244.60 4 61.15 <1.00 
Subjects X F/A 406.37 6 67.72 1.44 
C X F 264.76 4 65.19 1.67 
A X C X F 780.74 8 97.59 2.46 
Subjects X C X F/A 476.42 12 39.70 <1.00 
D X F 54.81 4 13.70 <1.00 
A X D X F 207.31 8 25.91 <1.00 
Subjects X D X F/A 432.14 12 35.01 <1.00 
C X D X F 358.13 8 44.7 6 <1.00 
A X C X D X F 818.62 16 51.16 1.08 
Error 1 128.16 24 47.00 -
••Denotes significance at the .01 level 
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àPPENDIX B: BATING SCALE FOR STODÏ 
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